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'*0n  the  Relation  between  Tropical  and  Extra-tropical 
Cyclones."  By  Hon.  Ralph  Aberoromby,  F.R.Met.Soc 
Communicated  by  R.  H.  Scott,  M.A.,  F.R.S.  Received 
February   7, — Read  February  24,  1887.      Revised  April, 

1887. 

The  author  has  long  been  engaged  in  the  study  of  cyclones  in  the 
temperate  zone,  as  illustrated  by  those  in  Great  Britain;  but  as  doubts 
^Te  been.,  expressed  by  many  meteorologists  as  to  the  identity 
between  tropical  and  extra-tropical  cyclones,  he  visited,  in  the  year 
1S86,  the  observatories  at  Mauritius,  Madras,  Calcutta,  Manila,  Hong 
&iig,  and  Tokiyo,  so  as  not  only  to  procure  more  published  materials 
for  the  investigation,  but  still  more  to  learn  from  conversation  with 
tbose  who  have  had  great  experience  of  tropical  hurricanes,  some 
Dunute  details  of  weather  which  were  of  primary  importance,  but 
^hich  could  not  always  be  extracted  from  existing  reports. 

Though  he  was  not  fortunate  enough  to  experience  a  hurricane 
himself,  still  he  obtained  sufficient  information  to  enable  him  to  arrive 
at  a  very  definite  conclusion  on  the  matter,  and  now  has  the  honour 
0^  laying  before  the  Royal  Society  the  results  of  his  investigations. 

He  wishes  to  acknowledge  here  the  assistance  he  has  received  from 
Mr.  Meldrum  at  Mauritius ;  Mr.  Pogson  at  Madras ;  Messrs.  H.  F. 
Blanford  and  A.  Pedler  at  Calcutta;  Padre  Faura  at  Manila; 
l^-  Doberck  at  Hong  Kong;  and  Messrs.  Knipping  and  Wada  at 
Toldjo. 

It  will  be  convenient  to  sketch  first  the  character  of  a  British 
cyclone ;  then  to  detail  the  researches  in  India,  the  China  Seas,  and 
Mauritius;  and,  finally,  to  compare  the  results  so  as  to  arrive  at  a 
<5Wiclu8ion  as  to  the  identity  or  otherwise  of  the  different  kinds  of 
cyclones. 

The  typical  shape  of  a  British  cyclone  is  certainly  oval,  the  suc- 
cessive isobars  being  non-concentric  as  in  the  diagram,  fig.  1.  The 
longer  diameter  of  the  oval  may  lie  in  any  direction  relative  to  the 
path  of  the  cyclone,  and  often  shifts  during  the  existence  of  the  same 
^Jepression  ;  but  on  the  whole  the  tendency  of  the  longer  diameter  is 
to  approximate  in  direction  to  the  line  of  the  path  oi  tVie  c;}c\oTi!^. 
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a  of  eloud  uid  nin  in  a  Brituli  cjclone.  The  full  linei  are  iiobBn,  whils 
the  dotted  linM  deSiM  the  oreai  of  rain  and  aloud.  The  full-line  arrowi  denote 
the  direction  of  the  lurfaoe  winds,  the  dotted  arrows  that  of  the  highest 
correats. 

The  side  of  the  cyclone  towards  which  the  isobars  are  packed  may 
also  vary  ipdefinitely,  bat  is  nsaally  either  in  front  or  rear  of  the 
longer  diameter.  On  the  whole,  the  compres-sion  of  the  isobare  in  a 
Epical  cyclone  seems  to  be  towards  the  rear  of  the  longer  diameter. 

The  recognition  of  the  oval  form  of  cyclones  is  of  the  ntmost 
importance  in  discnsaions  as  to  the  compass  bearing  of  the  centre 
relatively  to  the  direction  of  the  wind  in  any  part  of  a  storm  field. 

Another  most  important  point  ia  the  fact  that  a  cjclone  is  not  an 
isolated  phenomenon,  but  an  episode  in  the  general  cironlation  of  the 
atmosphere.  For  instance,  most  British  cyclones  are  formed  on  the 
northern  edge  of  a  great  anti-cyclone  which  constantly  covers  the 
North  Atlantic,  while  tropical  hurricanes  are  alwaj's  controlled  by 
their  sarronnding  areaa  of  high  pressure. 

Before  every  cyclone,  temperate  or  tropical,  there  ia  always  a 
complicated  re-arrangement  of  pressure  surrounding  the  tme  storm 
field  ;  and  many  of  the  errors  which  occur  in  the  handling  of  ships  in 
hurricanes  arise  from  a  confusion  between  the  premonitory  and  actual 
disturbances.  For  instance,  in  the  normal  distribution  of  pressure 
over  the  West  Indies,  these  islands  lie  on  the  S.W.  edge  of  the 
great  Atlantic  anti-cyclone,  and  it  is  manifest  that  a  hurricane  oannot 
develop  aa  an  isolated  phenomenon  without  disturbing  the  distribn- 
cion  of  preaanre  beyond  the  immediate  sphere  of  cyclone  activity.     It 
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is  for  this  reason  that  a  rise  of  pressure  so  often   precedes  both 
tropical  and  extra-tropical  cyclones. 

The  typical  rotation  of  the  wind  round  a  cyclone  is  undoubtedly 
that  of  an  in-going  spiral,  counter-clockwise  in  the  northern,  clock- 
wise in  the  southern  hemisphere.  In  the  commonest  British  type, 
when  the  general  distribution  of  pressure  surrounding  the  cyclone  is 
higher  to  the  south  than  to  the  north,  the  greatest  incurvature  is  in 
the  right  or  south-east  front  of  the  depression.  It  is  important  to 
note  this,  for  we  shall  find  a  different  position  for  the  most  incurved 
winds  in  the  China  Seius  and  the  South  Indian  Ocean. 

The  author  has  not  yet  found  a  satisfactory  instance  of  the  centre 
of  the  wind  rotation  not  coinciding  with  the  minxTnum  of  the  baro- 
meter on  a  synoptic  chart. 

Bnt  when  the  sequence  of  wind  and  barometer  trace  at  any  single 
station  is  looked  at,  it  is  sometimes  found  that  the  sudden  shift  of  the 
wind  belonging  to  the  centre  occurs  either  before  or  after  the  actual 
f^mmum,  The  author  has  investigated  the  details  of  several  examples, 
and  found  that  the  apparent  anomaly  is  to  be  explained  on  the  sup- 
position that  the  depth  of  the  cyclone  was  either  increasing  or 
decreasing  rather  rapidly. 

For  instance,  in  one  case  he  found  that  the  minimum  of  the  baro- 
meter preceded  the  change  of  wind  by  three  hours,  because  though 
the  mercury  was  falling  at  the  rate  of  0'03  inch  per  hour  owing  to  the 
p&ssage  of  the  cyclone,  the  depression  as  a  whole  was  filling  up  at  the 
wte  of  0*07  inch  per  hour.  The  balance  of  rise  was  therefore  0*04  inch 
per  hour.  Full  details  of  this  example  are  given  in  a  work  by  the 
ftuthor  on  "  Weather,"  which  is  now  in  the  press. 

The  rotation  of  tbe  upper  winds  may  be  briefly  stated  thus  : — At 
*  level  of  about  4000 — GOOO  feet  the  wind  is  nearly  parallel  to  the 
isobars,  and  above  that  height  tends  to  blow  more  and  more  outwards  ; 
hnt  the  amount  of  out-curvature  varies  in  different  parts  of  a  cyclone, 
sod  need  not  be  particularised  here. 

As  a  consequence  of  this  we  get  the  following  law  of  the  vertical 
succession  of  wind  currents  from  the  surface  of  the  earth : — Stand 
'^th  year  back  to  the  wind,  and  the  successive  layers  of  cloud  will 
<Jome  continually  more  and  more  frota  your  left  hand.  In  the  southern 
hemisphere  the  succession  is  reversed;  that  is  to  say,  the  upper 
currents  come  more  and  more  from  the  right. 

In  fig.  1  the  surface  winds  in  a  typical  British  cyclone  are  marked 
hjfuU-line  arrows,  while  the  direction  of  the  highest  cirrus  is  denoted 
hj  dotted  arrows. 

The  distribution  of  rain,  cloud,  and  weather  generally  in  a  British 
cyclone  may  be  described  thus.  An  area  of  rain,  surrounded  by  a 
fiog-shaped  district  of  cloud,  is  associated  with  every  cyclone.  The 
fain  area  is  not  exactly  concentric  with  the  isobars,  as  it  \xsvvv».\V5 


4  Hon.  Ralph  Abercromby.     Relation  between 

extends  further  in  front  than  in  rear  of  the  centre  of  the  cyclone,  bnt 
still  hoth  rain  and  cloud  are  obviously  related  to  that  point  (see  fig.  1). 
But,  strange  to  say,  the  kind  and  character  of  the  cloud  and  the 
relative  warmth  and  dampness  of  the  weather  are  not  related  to  the 
centre  but  to  the  front  and  rear  of  a  line  drawn  through  the  centre  and 
more  or  less  perpendicular  to  the  line  of  propagation  of  the  cyclone, 
marked  "  trough  **  or  line  of  barometer  change  in  the  diagram, 
fig.  1.  For  instance,  the  whole  of  the  weather  in  front  of  that  line 
is  warm,  muggy,  and  damp,  while  all  in  rear  is  cold  and  dry.  The 
effect  of  this  is  that  when  a  cyclone  drifts  past  an  observer,  he  expe- 
riences a  sudden  change  from  warm  and  damp  to  dry  and  cold  weather 
the  moment  the  trough  has  passed  over  him. 

Then  as  to  the  kind  of  cloud. — A  thin  ring  of  halo  forming  cirro- 
stratus  or  cirro-nebula  fringes  almost  all  the  outside  of  the  front  edge 
of  the  main  cloud  ring,  but  this  kind  of  sky  is  rarely  seen  anywhere 
in  rear  of  the  cloud  ring  of  the  cyclone.  Moreover  all  the  cloud  in 
front  of  the  trough  is  usually  more  or  less  stratiform — cirro-stratus 
and  strato-cumulus — ^while  that  in  rear  is  distinctly  of  the  cumulus 
type. 

The  portion  of  the  line  of  the  trough  that  is  drawn  southwards 
from  the  centre  marks  out  the  position  of  a  long  line  of  squalls,  and 
of  a  very  much  more  sudden  shift  of  wind  than  the  symmetry  of  the 
cyclone  might  have  suggested.  Instead  of  veering  steadily  from  S.E. 
to  N.  W.  the  wind  jumps  during  the  passage  of  the  trough  sometimes 
as  much  as  from  S.S.W.  to  W.N.W.,  and  then  veers  more  gradually. 

Considering  then  both  cloud  and  wind,  the  sequence  of  weather  to 
a  solitary  observer  as  a  cyclone  is  propagated  over  him,  the  centre 
passing  to  the  N.,  will  be  as  follows  : — Cirro-stratus  and  halo  will 
appear  in  a  blue  sky,  while  the  wind  comes  from  about  S.E.  Gradually 
the  clouds  get  lower  and  heavier,  as  they  gather  into  strato-cumulus ; 
then  rain  comes  on,  while  the  wind  has  veered  steadily  to  S.W. 

All  this  time  the  barometer  has  been  falling  fast,  but  suddenly  just 
as  the  mercury  has  reached  its  lowest  point  a  violent  squall  comes 
on,  during  which  the  wind  jumps  suddenly  three  or  four  points  from 
the  S.W.  up  to  W.  or  W.N.W.  Almost  directly  after,  unless  very 
near  the  centre  of  the  cyclone,  the  clouds  take  the  form  of  cumulo- 
nimbus, and  then  of  simple  detached  cumulus,  till  the  sky  is  com- 
pletely blue  again. 

Any  number  of  observers,  situated  on  the  southern  side  of  the  path 
of  the  centre,  will  find  their  weather  change  suddenly  just  as  the 
mercury  has  begun  to  rise ;  and  we,  therefore,  conclude  that  a  line 
drawn  across  a  cyclone  at  any  moment,  through  all  points  where  the 
barometer  has  just  turned  upwards  owing  to  the  onward  motion  of 
the  depression,  divides  the  cyclone  into  two  halves  which  have 
different  physical  characteristics. 
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This  line  may  be  called  the  "  troagh  "  of  a  cyclone ;  and  the  cha- 
racteristic sqoall,  the  sndden  rise  of  the  barometer,  aud  the  jump  of 
the  wind  associated  with  the  passage  of  that  line,  together  with  the 
Cerent  character  of  the  weather  and  clouds  in  front  and  rear  of 
that  line,  may  conveniently  be  classed  together  as  the  '*  troagh  phe- 
nomena "  of  a  cyclone. 

The  word  "  trough  "  requires  some  explanation,  as  that  term  has 
been  strongly  objected  to  by  some.  The  difficulty  of  realising  the 
applicability  of  the  word  arises  from  the  difficulty  of  realising  the 
forward  motion  of  a  cyclone  when  looking  only  at  a  set  of  oval 
isobars.  But  when  it  is  considered  that  a  cyclonic  vortex  is  propa- 
gated somewhat  after  the  manner  of  a  wave ;  and  that  a  barograph 
•during  the  passage  of  the  cyclone  traces  out  a  wave- like  curve,  the 
word  trough  comes  in  naturally  to  denote  the  line  di*awn  across  the 
isobaric  plan  of  a  cyclone  to  show  all  the  points  where  the  miniTnum 
bas  been  attained,  owing  to  the  motion  of  the  depression. 

A  cyclone  is  really  a  complex  moving  eddy  of  air.  For  some 
reason  or  other,  pi*essure  decreases  under  this  eddy  in  a  manner  which 
is  conveniently  mapped  out  by  isobars.  In  ordinary  language  the 
«val  isobars  are  called  for  shortness  a  cyclone,  but  of  course  they 
are  really  only  the  symbol  of  what  is  taking  place  in  the  air  over- 


Ifiobars  give  the  plan,  barograms  the  sections  of  a  cyclone,  and  it  is 
-always  difficult  to  realise  the  relation  of  one  to  the  other ;  but  there 
18  no  difficulty  in  the  conception  of  a  moving  vortex  of  air,  which  of 
course  would  have  a  trough  like  an  ordinary  wave. 

A  stationary  vortex,  like  a  stationary  cj clone,  would  have  no 
trough.  Suppose  a  stationary  cyclone  to  form  over  an  observer  and 
then  to  die  out.  His  barometer  would  first  fall  and  then  rise, 
but  there  would  be  no  trough,  and  he  would  experience  no  trough 
phenomena. 

It  is  important  to  notice  that  the  line  of  the  trough  does  not  appear 
to  be  always  at  right  angles  to  the  path  of  a  cyclone,  whose  longer 
diameter  is  not  perpendicular  to  the  line  of  propagation ;  and  that 
the  trough  phenomena  are  far  more  marked  on  the  southern  than  on 
the  northern  side  of  the  centre  in  Great  Britain. 

Taking  a  general  view  of  the  phenomena  of  a  cyclone,  they  appear 
to  have  a  double  symmetry — a  symmetry  round  a  point,  and  a  symmetry 
About  a  line.  The  rain  area,  cloud  ring,  and  general  rotation  of  the  wind 
are  obviously  related  to  a  point,  the  centre  of  the  cyclone.  On  the 
contrary,  the  quality  of  the  heat,  the  relative  humidity,  the  character 
of  the  clouds,  and  a  particular  line  of  squalls  have  nothing  to  do  with 
a  point,  but  are  related  to  the  front  and  rear  of  the  line  of  the  trough. 
No  attempt  has  been  made  as  yet  to  discover  the  origin  of  these 
trough  phenomena;  but  from  the  results  of  hia  reBearc\i<^  vn  ^i^<^ 
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tropics,  the  author  was  led  to  consider  the  relation  between  the 
intensity  of  the  trongh  phenomena  and  the  velocity  of  propagation 
of  the  cyclone.  For  this  purpose  be  examined  the  meteorograms, 
published  in  the  *  Quarterly  Weather  Reports  '  of  the  Meteorological 
Office,  for  all  well-defined  cyclones  in  the  years  1872-76,  and  for  part 
of  the  year  1879.  The  intensity  of  the  trongh  phenomena  was 
ganged  by  the  amount  of  the  effect  of  the  squall  on  the  barometric 
trace,  and  the  buddenness  of  the  shift  of  wind  at  the  same  time. 

The  result  is  given  in  the  following  table,  by  which  it  is  evident 
that  there  is  a  decided  relation  between  the  velocity  of  the  cyclone 
and  the  intensity  of  the  trough  phenomena. 


Table  showing  the  Connexion  between  the  Intensity  of  the  Trongh 

Phenomena  and  the  Velocity  of  a  Cyclone. 


Year. 

Month. 

Day. 

Velocity 

of  cyclone. 

Miles 

Intensity  of 
trough 

Remarks. 

pep  hour. 

phenomena. 

1872... 

Aug. 

10 

16 

Very  slight 

»    •  •  • 

Sept. 

25 

6 

No  trace 

11     •  •  • 

Oct. 

10 

13 

Very  slight 
Slight 

»t    •  •  • 

Dec. 

8 

19 

i»    •  •  • 

If 

16 

16 

II 

1873 . . . 

Aug. 

28 

16 

II 

1,     ... 

Sept. 

15 

19 

II 

1874... 

April 

18 

27 

Moderate 

n      ••• 

Aug. 

18 

13 

Slight 

>»      ••  • 

Oct. 

21 

24 

Moderate 

»      •  •« 

Not. 

29 

12 

Moderate  (Kew) 

Strong  at  Falmouth ; 
earlier    in    course 
when  Telocity  un- 
known. 

1876... 

Jan. 

21 

48 

Strong 

„    ... 

it 

24 

25 

Moderate 

»»    •  •• 

Sept. 

26 

29 

Strong 

„    ... 

KOT. 

19 

85 

Moderate 

1876... 

March 

12 

40 

Strong 

„    ... 

it 

14 

6 

Very  slight 

»»    •  •  • 

ti 

25 

10 

No  trace 

1879... 

Dec. 

28 

70 

Very  marked 

The  Tay  Bridge  storm. 

The  anthor  has  made  many  efforts  to  find  traces  of  a  central  spot 
of  bine  sky  in  the  centre  of  a  British  cyclone.  He  has  never 
observed  one  himself,  and  though  such  cases  have  been  reported,  he 
is  not  satisfied  with  the  evidence.  It  is  very  common  to  see  a  patch 
of  bine  sky  directly  after  the  passage  of  the  trongh,  some  distance 
from  the  centre  on  the  southern  side  of  a  cyclone,  and  soon  to 
experience  wind  and  rain  continuing  for  some  time  oiter^ards ;  but- 
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this  is  qniie  difEerent  from  the  central  calm  and  bine  skj  of  a  tropical 
kamcane.  Thongh  he  cannot  say  that  a  clear-centre  cyclone  never 
occnrs  in  l^iis  country,  it  is  perfectly  certain  that  the  phenomenon  is 
Tny  rare. 

Indian  Oy clones. 

Attention  will  now  be  directed  to  Indian  cyclones. 
The  result  of  the  author's  investigations,  both  of  the  published 
records  of  the  various  Indian  meteorological  departments  and  from 
yerbal  communications,  gives  the  following  as  the  general  character 
of  Indian  cyclones. 

The  shape  is  usually  oval ;  but  the  side  towards  which  the  isobars 
are  pressed,  and  the  consequent  lie  of  the  longer  diameter,  varies 
much,  even  in  the  same  cyclone  on  different  days. 

The  diameter  is  smaller  than  in  the  Atlantic;  but  pressure 
diminishes  much  more  rapidly  near  the  centre  than  in  Europe,  though 
the  actual  minimum  need  not  be  very  low. 

The  general  surroundings,  the  formation,  development  and  dissipa- 
tion of  cyclones  seem  to  be  essentially  the  same  as  in  Europe.  There 
are  two  types  of  cyclones  in  the  Bay  of  Bengal.  Those  in  May  are 
anociated  with  the  breaking  up  of  a  belt  of  high  pressure,  in  a  manner 
(o  which  we  find  many  analogies  in  Great  Britain ;  while  those  in 
October  are  formed  in  a  general  depression  over  the  Bay,  exactly 
soalogous  to  the  commonest  conditions  of  cyclone  formation  in  the 
Atlantic. 

Secondaries  sometimes  form  on  the  side  of  the  primary  cyclone, 
Imt  not  nearly  so  often  as  in  the  temperate  zone. 

The  motion  of  the  cyclone  is  almost  invariably  towards  the  N.N.W. 
OP  N.W.  at  first,  with  a  marked  tendency  to  recurve  towards  the  N. 
«nd  N.E.  later  on. 

The  velocity  of  translation  is  much  less  than  in  Europe,  varying 
^m  about  3  to  20  miles  an  hour. 
The  rotation  of  the  wind  is  always  in  an  in-goiug  spiral ;  but  there 
not  seem  to  be  any  marked  tendency  to  greater  or  less  incur- 
vatnre  in  any  particular  quadrant  of  the  cyclone.  The  violence  of 
the  wind  seems  to  increase  as  the  centre  is  approached,  which  is  not 
the  case  in  the  British  Isles. 

The  author  does  not  think  that  there  is  sufficient  evidence  for  the 
assertion  that  the  centre  of  wind  rotation  is  not  coincident  with  the 
barometric  centre  of  the  cyclone.  In  the  cases  that  have  been 
reported  on  board  ship,  which  he  has  investigated,  he  is  unable  from 
the  materials  at  his  disposal  to  separate  the  barometric  change  due  to 
the  motion  of  the  ship  in  her  course  from  that  due  to  the  motion  of 
the  cyclone. 
For  instance,  if  a  ship  were  motionless,  and  a  cyclone  '^^daa^  o^^ 


8  Hon.  Ralph  Abercromby,     Relation  between 

her,  the  whole  of  the  changes  in  the  height  of  her  barometer  would 
be  due  to  the  motion  of  the  cyclone.  If  the  cyclone  were  both  motion- 
less and  of  constant  depth,  while  she  moved,  the  barometric  changes 
wonld  be  due  to  her  passage  from  a  place  of  higher  to  a  place  of  lower 
pressure,  or  vice  versd.  In  practice,  the  ship  and  cyclone  are  always 
both  moving,  and  as  an  additional  complication  the  cyclone  is  often 
increasing  or  decreasing  rapidly  in  depth.  Hence  the  difficulty  of 
dealing  with  observations  near  the  centre  of  a  small  cyclone.  Suppose 
a  ship  was  lying- to  a  short  distance  in  front  of  the  central  point  of  the 
cyclone,  but  that  the  depression  was  filling  up  very  rapidly.  Her 
barometer  would  begin  to  rise  before  the  centre  passed  over  her, 
while  the  wind  would  nofc  change  till  the  vortex  had  passed.  Then  it 
would  probably  be  reported  that  the  centre  of  wind  rotation  was 
not  coincident  with  her  barometric  minimum.  The  centre  of  wind 
rotation  would,  however,  have  been  always  really  coincident  with 
the  centre  of  the  isobars  at  any  particular  moment.  The  whole 
question  deserves  further  attention.  It  should  be  noted  that  the  blue 
centre  is  also  sometimes  reported  as  non-coincident  with  the  baro- 
metric Tninim^um. 

There  are  very  few  observations  on  the  motion  of  the  upper  clouds, 
but  so  far  as  they  go,  the  general  circulation  of  the  air  in  a  Bengal 
cyclone  appears  to  be  identical  with  that  in  higher  latitudes. 

There  are  no  sufficiently  detailed  observations  to  enable  us  to  con- 
struct synoptic  charts  of  the  distribution  of  rain,  cloud,  <&c.,  round  a 
cyclone ;  but  by  generalising  the  sequence  of  weather  in  many  such 
depressions,  we  find  squalls,  showers,  and  dirty-looking  clouds  all 
round  the  cyclone,  with  more  violent  squalls  and  torrential  rain  sur- 
rounding the  centre.  The  actual  centre  is  always  calm  ;  and  though 
blue  sky  does  not  seem  to  have  been  always  observed,  a  cessation  of 
rain  is  usually  reported. 

This  clear  "bull's-eye '*  is  the  most  characteristic  feature  of  a 
tropical  cyclone.  Otherwise  the  only  difference  is  that  the  rear  of 
the  disturbance  is  not  so  clear  in  Bengal  as  in  temperate  cyclones ; 
and  that  squalls  are  formed  all  round  the  centre  instead  of  only  in  the 
right  rear  of  the  depression. 

The  sequence  of  weather  to  any  observer  appears  to  be  as  follows : — 
The  first  indication  is  always  a  strange  coloration  of  the  sky  at  sun- 
rise and  sunset.  The  author  has  examined  this  point  carefully,  and 
discovered  that  abnormal  colours  are  developed  not  only  before  the 
barometer  has  begun  to  fall  at  the  place  of  observation,  but  before 
any  appreciable  depression  can  be  found  anywhere  on  the  synoptic 
charts.  He  has  observed  the  same  in  England,  and  the  fact  is  impor- 
tant, as  it  proves  that  the  examination  of  synoptic  charts  can  never 
supersede  the  necessity  of  observations  on  the  appearance  of  the 
sky. 
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As  the  cyclone  approaches,  a  peculiar  nneasy  way  of  blowing  of  the 
wind  is  sometimes  reported,  and  the  sky  grows  dirtier  and  dirtier  till 
the  rain  appears  to  grow  out  of  the  air.  This  has  always  been  de- 
scribed to  the  author  as  characteristic  of  cyclone  rain,  in  opposition  to 
the  showery  rain  from  camnloform  clouds  which  is  typical  of  the 
ordinary  precipitation  of  the  monsoon. 

This  peculiar  cyclone  rain  seems  to  be  only  an  intensification  of  the 
rain  associated  with  cyclones  in  Great  Britain.  There  we  see  the 
bine  sky  grow  pale  and  sickly,  and  then  grey,  till  rain  falls  from  a 
oniform  gloom,  and  not  from  any  defined  cloud.  In  thunderstorm 
rwn,  on  the  contrary,  we  see  mountainous  cumulus  above  the  rain. 

Sometimes  the  front  of  an  Indian  cyclone  is  accompanied  by  thunder 
and  lightning ;  but  all  observers  are  agreed  that  the  absence  of  elec- 
trical disturbance  is  a  sign  of  very  bad  weather. 

As  the  cyclone  approaches  the  rain  increases,  and  the  wind  rises 
into  the  characteristic  squalls  of  a  hurricane. 

The  author  has  been  able  to  find  very  few  signs  of  any  trough 
phenomena  during  the  passage  of  a  Bengal  cyclone.  Sometimes  a 
nther  sudden  shift  of  wind  is  described,  and  a  squall  with  a  sudden 
jmnp  of  the  barometer,  just  as  is  so  common  in  England ;  but  there 
does  not  appear  to  be  the  immediate  change  in  the  character  of  the 
clouds  which  occurs  in  these  islands. 

Almost  all  reports  agree  that  the  weather  is  quite  as  bad  in  rear 
•8  in  front  of  the  cyclone  ;  and  the  clouds  in  rear  seem  to  retain  their 
ckracteristic  wild  and  dirty  appearance.  The  bad  weather,  how- 
ever, usually  extends  much  further  in  front  than  in  rear  of  the 
centre. 

Besides  these  primaiy  cyclones  there  is  another  class  of  small  oval 
depressions,  which  might  either  be  called  primary  or  secondary, 
•ocording  to  the  judgment  of  the  meteorologist. 

These  form  in  the  Bay  of  Bengal  during  the  rainy  season — from 
Jnne  to  September — and  though  they  are  much  less  intense  than  the 
storms  we  have  just  described,  their  shape  and  the  rotation  of  wind 
round  them  unmistakeably  define  their  cyclonic  natm^e.  The  wind 
round  them  is  never  strong;  their  special  characteristic  is  rain.  It 
has  also  been  observed  that  they  traverse  the  land  and  moderate 
mountain  chains  without  material  disturbance  of  their  shape,  while 
the  great  cyclones  are  invariably  broken  up  or  deflected  as  soon  as 
their  centres  touch  the  coast. 

It  has  been  suggested,  with  a  great  deal  of  probability,  that  these 
sniall  cyclones  are  formed  at  a  higher  level  in  the  air  than  the  larger 
ones.    They  will  not  be  further  considered  in  this  paper. 

Tbe  following  examples  will  illustrate  these  facts.  In  figs.  2,  3, 
and  4  we  give  synoptic  charts  for  India  and  the  Bay  of  Bengal  for  the 
three  days  May  IG— 18, 1877.     These  and  the  extracts  irom  ^Vv^^' 
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loga  fire  derived  from  an  ezhanstive  memoir  by  llr.  J.  Eliot,  !Ueteoro- 
logical  Reporter  to  the  Glovemment  of  Bengal,  entitled  'Report  on 
the  Madras  Cyclone  of  May  1S77.' 

The  broad  featnreg  of  these  three  dajB  are  very  simple.  In  oil  the 
higheet  pressure  lies  over  Bnrma  and  the  eastern  aide  of  the  Bay  of 
Bengal,  while  a  cyclone  nhich  has  formed  to  the  east  of  Ceylon  passes 
np  the  western  side  of  the  Bay  in  a  generally  northerly  direction.  On 
every  day  the  cyclone  is  oval,  the  longer  diameter  approximating  in 
direction  to  the  line  of  propagation ;  bnt  while  the  isobars  are  packed 
towards  the  rear  of  the  cyclone  on  the  first  two  days,  the  centre  is  very 
decidedly  pressed  towards  the  front  on  the  last  day. 

The  cyclone  increased  half  an  inch  in  depth  between  the  first  and 
second  days,  and  the  last  day  especially  the  steepness  of  the  central 
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depreuum  u  very  noticeable.  Tbe  gmall  scale  of  the  charts  does  not 
permit  of  ths  isoboTB  being  drawn  at  regalar  inteirals,  or  thie  fact 
■onld  hare  been  etill  more  obvious.  The  numbers  760,  757,  Ac,  are 
tile  qiproximate  equivalents  of  the  isobars  in  millimetres. 

The  path  of  the  oyolone  is  ^ren  in  6g.  2,  The  velocity  of  propa- 
g«tioniraB — 

From  16th  to  17th     43  miles  per  honr. 

„      17th   „  18th     8-7         „         „ 

„     18th  „  19th    17-5 

The  rotation  of  the  wind  as  an  in-going  spiral,  counter-clockwise,  is 
niy  obvioiu,  and  calls  for  no  remark. 

The  following  extracts  from  ships'  logs  will  sufficiently  illustrate 
the  leqnesoe  of  weather  in  this  cyclone : — 

The  " Mistly  Hall,"  on  the  west  side  of  the  cyclone,  remaiked  a 
fiaty  Bonrise  as  early  as  the  14th  Uay,  before  the  barometer  began  to 
f^.  On  the  15th  and  16th  she  experienced  rain,  lightning,  and 
•quails  from  N.E.  to  N.  On  the  17th,  two  honrs  after  the  baroraetrio 
nintmwm,  the  wind  went  from  N.W.  to  S.W.,  with  lightning,  tor- 
mts  of  rain,  and  terrific  gnsts.  Twelve  hoars  later  the  storm  mode- 
tited. 

In  this  report  we  see  little  trace  of  trough  phenomena.  The  appa* 
nnt  noB-ooincidence  of  the  wind  eequeuce  with  the  barometric 
MmiflMMa  cannot  be  fully  discussed  for  want  of  sufficient  observations. 
There  does  not  appear  to  have  been  any  rapid  filling  up  of  the  cyclone 
this  day,  at,  on  the  contrary,  the  lowest  reading  report  on  the  17th  is 
29-043  in<d>ea,  and  on  the  18th  rather  less,  viz.,  28'9&.    ^nt  -vici  -mK^ 
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note  a  transference  of  the  centre  from  the  rear  to  the  front  of  the 
depression,  and  we  cannot  determine  the  coarse  of  the  ship  from  the 
published  log. 

The  "  Bride,"  also  on  the  west  side  of  the  cyclone,  reports  a  very- 
similar  sequence  of  weather,  and  no  marked  trough  phenomena. 

The  "  Witch,"  which  passed  through  the  vortex,  ran  out  of  Madras 
Roads  on  the  16th,  with  threatening  weather,  thunder,  lightning,  and 
St.  Elmo's  fire  on  her  mastheads.  On  the  17th  she  ran  before  the 
N.W.  wind,  with  a  heavy  gale  and  more  thunder  and  lightning,  right 
into  the  vortex.  Then  she  experienced  a  calm  for  10  minutes,  when 
the  wind  flew  to  the  S.W.,  with  a  sudden  rise  of  0'2  inch  in  the  baro- 
meter, and  thunder,  lightning,  and  rain  for  12  hours  afterwards. 
Then  the  gale  began  to  break,  but  the  sun  rose  on  the  18th  with 
a  pale  sickly  sky,  like  gold,  green,  and  blue  all  mixed  together. 

What  we  have  most  to  notice  here  is  the  amount  of  electrical 
discharge  all  across  the  cyclone,  the  sudden  rise  of  the  barometer 
as  the  first  squall  burst  from  the  S. W. — exactly  analogous  to  what  we 
80  often  see  in  England, — and  the  dirty  sky  in  i-ear  of  the  whole  dis- 
turbance. 

The  "  Oxfordshire  "  also  passed  through  the  vortex  only  a  day  after 
the  "  Witch."  The  weather  was  similar  in  both  cases ;  but  the  mer- 
Qvjry  began  to  i-ise  on  board  the  former  at  least  an  hour,  and  to  the 
amount  of  0*2  inch,  before  the  wind  jumped  to  the  S.W.  The  cyclone 
was,  however,  filling  up  fast  now,  for  while  the  lowest  reading  on  the 
18th  was  28*95  inches,  that  on  the  19th  was  only  29'36,  a  difference 
of  nearly  0*4  inch. 

The  "  Asia  "  passed  on  the  east  side  of  the  cyclone.  She  experienced 
rain  and  squalls  on  the  16th,  and  on  the  17th  also  rain,  squalls,  and 
lightning,  till  at  5  a.m.  that  day  the  wind  veered  suddenly  from 
N.N.E.  or  N.E.  to  E.N.E.,  just  at  the  lowest  point  of  the  barometer. 
About  four  hours  later  the  storm  seemed  to  collapse  rather  suddenly. 
Hero  we  may  note  a  sudden  shift  of  wind  at  the  passage  of  the 
trough. 

There  is  only  one  observation  on  upper  clouds.  The  Master  Atten- 
dant at  Masulipatam  reports  that  on  the  19th,  while  the  wind  was 
from  the  E.,  the  scud  had  a  more  southerly  motion.  This  is  the  normal 
vertical  succession  in  the  northern  hemisphere. 

The  above  exemplifies  the  May  type  of  Indian  cyclone ;  the  next 
illustration  will  show  the  more  violent  October  type. 

In  figs.  5,  6,  and  7  are  given  reductions  of  a  cyclone  which  passed 
up  the  Bay  of  Bengal  from  October  30  to  November  1,  1876.  These 
and  the  extracts  from  ships*  logs  are  entirely  derived  from  another 
exhaustive  memoir  by  Mr.  J.  Eliot,  entitled  *  Report  of  the  Vizaga- 
patam  and  Backergunge  Cyclones  of  October,  1876,'  our  diagrams 
referring  to  the  latter  cyclone. 
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On  ^e  first  oLart  for  October  30,  fig.  5,  a  lai^  oval  area  of  low 
fKfBOTe  covers  the  Bay  of  Bengal ;  the  probable  poeition  of  the 
YWtei  JH  marked  by  a  small  circle,  but  no  reading  can  be  given  there 
fonrest  of  observations. 

Bj  next  day,  October  31,  fig.  6,  the  centre  has  moved  towards  the 
SJ.E.,  and  the  cyclone  has  increased  enormonsly  in  depth.  The 
lomrt  reading  for  the  day,  abont  20  miles  west  of  the  vortex,  was 
281  inch.    As  the  next  isobar  is  marked  29'6,  the  steepness  of  the 
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Fro.  7. 


FigB.  5  to  7 :  Bengal  Cjclonee. 
The  Baokergunge  Cf  clone. 

central  depreaBion  is  of  an  amount  naknown  in  higber  latitudes. 
Tho  longer  diameter  of  the  cyclone  lies  abont  east  and  west,  or 
nearly  at  righi  angles  to  the  patb  of  the  dietnrbance.  The  portion 
of  the  general  depression  which  lay  near  Ceylon  on  the  previouB 
day  has  now  developed  into  a  weli'defined  secondary  over  that 
island.  This  is  very  interesting,  as  we  very  often  see  precisely  the 
same  thing  in  our  own  country,  when  a  long  oval  depression  gathers 
itself  up  into  two  regular  cyclones,  or  into  a  primary  and  secondary. 

By  the  third  day,  November  1,  fig,  7,  the  cyclone  is  dying  ont 
over  the  delta  of  the  Ganges,  and  the  longer  diameter  is  now  nearly 
in  a  tine  with  the  direction  of  propagation. 

The  velocity  of  translation  appears  to  have  increased  irregnlarly. 
bnt  on  tho  mean  the  rate  was  9  miles  an  hour  between  the  30th  and 
■Slflt,  thongh  during  the  last  six  hours  the  rate  increased  to  12  miles 
an  hour,  and  no  less  than  22  miles  an  hour  between  the  31st  October 
and  1st  November. 

The  ship  "  Tennyson"  passed  about  20  miles  west  of  the  vortex. 
So  early  as  the  28th  the  clouds  had  a  bad  appearance  at  daybreak. 
On  the  29th  the  weather  looked  very  bad,  with  lightning  and  sqnalls, 
while  the  barometer  had  began  to  fall  fast.  During  the  30tli  she 
had  rain  with  furious  gasts,  but  no  lightning.  By  II  a.m.  on  the  31st 
the  wind  went  from  N.E.  to  N.N.E.,  by  noon  to  N.,  and  by  1.30  p.m.— 
just  OS  the  barometer  reached  the  mtnimum  of  nearly  28'0  inches — to 
.V.N.W.  with  a  perfect  howl,  bnt  no  rain  fell  from  then  to  6  p.m.     No 
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lighhdng  was  seen  any  time  dnring  tlie  day,  and  next  morning  was 

beantifnllj  clear. 

In  this  description  the  absence  of  lightning  in  the  "  kernel "  of  the 
cyclone  is  very  noticeable ;  also,  to  a  certain  extent,  the  difference 
between  the  threatening  cloads  a  long  way  in  front  of  the  centre  and 
the  beaatif ally  clear  sky  in  rear. 

Thns,  when  we  combine  this  with  the  sudden  shift  of  wind  and 
increased  howl  just  as  the  mercury  touched  its  lowest  point,  we  see 
slight  traces  of  trough  phenomena. 

The  "  Palmas  "  also  passed  to  the  west  of  the  centre,  and  expe- 
rienced slight  trough  phenomena.  On  the  31st  she  encountered 
thick  rain  with  increasing  gale  from  N.E.,  while  the  barometer  fell 
&fii  At  6  P.M.,  when  the  mercury  marked  28*20 — apparently  its 
lowest  point — she  had  the  heaviest  blow,  the  wind  hauling  to  N.N.W. 
and  N.W.,  with  fearful  vivid  flashes  of  lightning,  thunder,  and  rain. 
Bj  7  P.M.,  one  hour  later,  the  gale  began  to  abate. 

The  "  Allahabad  "  passed  on  the  east  of  the  centre.  By  the  29th 
a  brickdust  sunrise  was  observed,  and  by  the  30th  the  weather 
became  threatening,  the  wind  from  S.  to  E.,  but  the  clouds  from  S., 
with  squalls  and  constant  rain.  On  the  Slst  the  cyclone  commenced 
^th  fury  from  E.S.E.,  barometer  falling  fast  with  rain  and  lightning, 
tod  by  8  to  10  p.m.,  when  the  mercury  touched  its  lowest  point,  the 
wind  veered  to  S.E.  and  S.S.E.  to  S.,  with  lightning  and  heaviest 
blow.    By  noon  the  next  day  the  weather  was  fine. 

Here,  and  in  all  the  other  logs,  we  should  notice  how  much  further 
tbe  bad  weather  stretches  in  front  than  in  rear  of  the  cyclone.  This 
also  is  exactly  in  accordance  with  our  experience  of  temperate  zone 
cyclones. 

At  NoakhoUy,  on  the  Sunderbund  coast,  the  moon  shone  clear  in 
the " bull's  eye "  of  the  cyclone;  and  the  observations  point  to  the 
existence  either  of  two  separate  vortices,  or  of  a  single  oval  one  whose 
longer  diameter  was  perpendicular  to  the  line  of  propagation  of  the 
whole  cyclone  or  parallel  to  the  trough. 

Typhoons  in  the  China  Seas, 

Manila, — The  author  will  now  consider  the  nature  of  typhoons  in 
the  China  Seas.  These  are  very  valuable,  as  they  can  be  traced  from 
their  origin  in  the  Philippines  till  they  gradually  acquire  an  extra- 
tropical  character  in  the  Japanese  Islands.  The  notice  will  therefore 
commence  with  the  author's  researches  in  Manila,  where,  through  the 
coortesy  of  Padre  Faura,  he  obtained  an  immense  amount  of  ioforma- 
tion,  which  has  not  hitherto  found  its  way  to  England. 

The  general  shape  of  typhoons  in  the  Philippines  is  undoubtedly 
oval,  but  the  side  towards  which  the  centre  lies  is  not  only  variable, 
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bnt  cbanges  dnring  the  course  of  the  same  cyclone.  On  the  whole, 
the  centre  seems  to  have  a  tendency  to  lie  towards  the  front  of  the 
typhoon. 

There  seems  to  be  very  little  tendency  for  cyclones  to  form 
secondaries  in  these  latitudes,  and  therein  they  differ  greatly  from 
depressions  in  the  Atlantic. 

On  the  other  hand,  we  find  the  same  tendency  for  two  typhoons  to 
follow  one  another  closely,  and  along  the  same  path,  which  is  such  a 
characteristic  feature  of  extra- tropical  cyclones.  For  instance,  the 
typhoon  of  October  20,  which  will  be  illustrated  presently,  had  scarcely 
died  out  on  the  22nd  to  the  south  of  Hainan,  before  a  new  cyclone 
formed  on  the  23rd  to  the  south  of  Panay — a  little  south  of  Manila — 
which  also  died  out  near  Hainan,  on  the  27tli.  Then  by  November 
3rd,  another  typhoon  formed  to  the  east  of  the  Philippines,  and 
traversed  a  line  almost  coincident  with  the  path  of  the  first  cyclone. 

The  intensity  of  typhoons  in  the  China  Seas  appears  to  be  about  the 
same  as  the  October  cyclones  in  the  Bay  of  Bengal,  but  less  than  that 
of  the  hurricanes  of  Mauritius  and  of  the  West  Indies. 

In  the  Philippines,  as  elsewhere  in  the  tropics,  a  rise  of  the 
barometer  very  frequently  precedes  a  typhoon ;  and  much  has  been 
written  about  the  relation  of  this  high  pressure  area  to  the  cyclone 
itself.  No  synoptic  charts  which  have  yet  been  constructed  in  the 
tropics  are  sufficiently  detailed  to  enable  us  to  say  much  on  the 
subject;  but  so  far  as  they  go,  the  changes,  or  re-ad jnstment  of 
pressure  surrounding  such  an  abnormal  occurrence  as  a  tropical 
hurricane,  are  precisely  analogous  to  the  changes  which  precede  a 
temperate  cyclone. 

The  weather  in  this  high-pressure  area  is  reported  as  beautifully 
fine,  often  with  great  visibility ;  and  the  formation  of  feathery  cirrus 
on  the  blue  sky  is  one  of  the  first  and  most  certain  forerunners  Df  a 
typhoon.  This  is  exactly  analogous  to  the  '*  wedges  "  of  high  pressure, 
and  very  fine  weather,  which  we  find  in  front  of  many  European 
cyclones. 

But  there  is  one  phenomenon  connected  with  the  outskirts  of  a 
typhoon  that  has  been  observed  by  Faura,  and  which  is  so  important 
and  interesting  that  it  may  be  described  here.  In  the  periphery  of  the 
cyclone,  that  is  to  say  in  the  winds  blowing  two  or  three  days  before 
the  storm  from  N.  and  N.W.,  the  smoke  of  the  chronically  active 
volcano  of  Abayon,  in  the  island  of  Albay,  descends.  During  the 
typhoon  no  observations  have  been  possible,  owing  to  the  low-lying 
nimbus ;  but  when  this  breaks  up,  afler  the  passage  o£  the  hurricane, 
the  smoke  is  rising. 

Fig.  8a  represents  the  appearance  of  the  smoke  before,  fig.  86 
that  after  a  typhoon,  as  shown  in  some  sketches  belonging  to  Padre 
Faura. 


Tropical  and  Extra-tropical  Cyelonet. 
Fig.  8. 


Vole&no  of  Abajvo. 

a.  Before  tjphooii. 

b.  After  typhoon,  and  uiuftllj. 

Thew  sketcbeB  were  shown  to  th«  author  aa  prooFs  of  a  descending 
Qmnt  in  front  of  a  typhoon,  but  he  is  not  altogether  satisfied  with 
Uu  eridence.  It  is  verj  difficnlt  to  decide  on  such  a  question  with* 
nt  personal  obaervation.  It  has  been  saj^gested  that  the  downw&rd 
red  of  the  smoke  was  merely  the  vortex  eddy  on  the  lee  side  of  the 
Tdlcano,  and  that  a  similar  phenomenon  is  obvionB  in  any  factory 
cUnmey  daring  a  high  wind.  The  onginal  skotcheB,  however,  did 
not  the  least  oonvey  that  impression ;  and  there  must  be  some  reason 
vb^tfae  smoke  does  not  carl  that  waj  with  other  winds.  In  England 
iWe  is  a  well-known  saying,  that  when  smoke  falls  down  rain  may 
be  expected.  This  is  often  trae,  and  is  undoubtedly  dne  to  some 
IKcaWity  in  the  way  of  blowing  before  certain  kinds  of  rain,  and  not 
ww!y  to  the  velocity  of  th^  wind.  The  author  believes  that  the 
"loiniward  cnrl  of  the  smoke  of  Abayon  is  dne  to  Home  pecnliarity  in 
tin  wind  preceding  a  typhoon,  thongh  he  is  not  prepared  at  present  to 
MBuae  the  existence  of  a  regular  downward  cnrrent  in  the  high 
pnnre  area  that  precedes  the  typhoon. 

Some  physicists  have  apparently  doubted  the  existence  of  downward 
curmts  at  all,  on  the  ground  that  the  stream  lines  of  an  air  cnrrent 
nmst  be  tangential  to  the  earth's  anrrace,  and  that  wind  cannot  slant 
downward!  in  the  ordinary  sense  of  the  word.  This  would  be 
pnfectly  tnie,  it  air  wei-e  a  perfect  fluid,  and  wind  blew  like  a  con- 
tiDtiinu  theoretical  current ;  bnt  in  practice  wind  \i\owa  \TTeg(iVM\^  » 
na.XLni.  z 
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and  forms  eddies  and  Tortices  that  break  the  continuity  of  the  stream 
lines.  As  a  matter  of  observation,  nothing  is  commoner  than  to  see 
a  gust  of  wind  blow  down  from  a  mountain  on  to  a  lake,  and  then 
ricochet  np  again. 

The  wind  round  a  typhoon  is  always  an  in-going  spiral.  The 
incurvature  is  usually  strong,  but  differs  in  every  segment,  not  only 
in  each  cyclone,  but  even  in  tbe  same  cyclone  at  different  periods  of 
its  existence.  So  much  is  this  the  case,  that  it  seems  impossible  to 
give  any  mean  incurvature  for  the  Philippines.  This  is  curious,  for 
farther  north  the  variation  of  incurvature  seems  more  constant. 

The  motion  of  the  lower  nimbus  is  always  more  nearly  parallel  to 
the  isobars,  and  therefore  more  nearly  eight  points  from  the  bearing 
of  the  centre,  than  the  surface  winds.  This  is  identical  with  the 
experience  of  European  cyclones,  and  has  an  important  bearing  on 
the  rules  for  handling  ships  at  sea,  though  that  question  cannot  be 
discussed  here. 

The  observations  of  Padre  Faura  on  the  variation  in  the  deatmc- 
tive  effects  of  the  wind  in  different  parts  of  a  typhoon,  and  the  manner 
in  which  he  uses  this  knowledge  in  forecasting,  are  so  important  and 
so  unknown  in  this  country,  that  the  author  proposes  to  devote  one  or 
two  paragraphs  to  their  consideration. 

Faura  finds  that  the  position  of  the  strongest  winds  relatively  to  the 
centre  of  the  cyclone  varies  not  only  in  every  typhoon,  but  in  the  same 
one ;  and  also  that  for  the  same  velocity,  the  wind  will  unroof  houses 
in  one  cyclone,  but  do  comparatively  little  damage  in  another.  He 
assumes  that  the  unroofing  wind  is  blowing  slightly  upwards,  and  the 
wind  that  does  little  damage  moves  horizontally  or  slightly  down- 
wards. 

If  then  he  can  find  evidence  that  the  wind  is  rising  up  in  front  of 
a  typhoon,  he  can  be  pretty  certain  that  it  will  descend  in  rear ;  and 
therefore  can  and  does  forecast  that  the  wind  in  that  portion  of  the 
storm  will  be  less  destructive. 

From  all  this,  he  has  been  led  to  the  conception  that  the  axis  of  a 
typhoon  is  inclined,  and  that  it  nutates  during  the  progress  of  the 
vortex. 

For  instance,  in  the  typhoon  of  October  20th,  1882 — figured  below 
— he  believed  that  the  wind  in  front  was  certainly  rising  and  low ;  a 
beam  lying  near  the  sea,  at  a  distance  of  300 — 400  metres,  was  thrown 
upon  the  observatory  (height  34  metres)  and  destroyed  the  Beckley's 
anemometer,  while  the  roofs  of  many  houses  were  pulled  off.  From 
this  Faura  concluded  that  the  rear  would  not  have  the  same  force  as  the 
front,  because  the  wind  would  be  high  and  falling  ;  and  he  published 
a  notice  at  noon  on  the  20th — **  The  S.W.  winds  will  be  very  short."— ^ 
This  prognostication  was  justified  by  the  event. 

The  contr&ry  took  place  in  the  typhoon  which  followed  a  few  days 
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later  on  November  4th  and  5th,  the  wind  falling,  as  he  considered, 
in  front,  and  doiijg  comparativelj  little  damage. 

Again  in  the  typhoon  of  Aogast  19th,  1881,  the  wind  blew  dnring 
eight  honrs  with  a  rapidity  of  44  metres  a  second,  and  nevertheless 
^d  not  damage  the  roo&,  because  it  did  not  hit  from  beneath,  bnt 
from  above. 

These  facts  are  very  interesting,  as  similar  observations  on  the 
variable  destmction  for  equal  velocities  have  been  made  by  Pidding- 
ton  in  Bengal;  and  the  same  has  been  observed  on  a  much  less 
prooonnced  scale  in  Great  Britain.  The  utilisation  of  the  idea  in 
forecasting  has,  we  believe,  never  been  suggested  by  anyone  except 
F&tiia;  and  his  views  are  worthy  of  the  most  attentive  consideration 
from  those  engaged  in  forecasting  hurricanes. 

Fanra  thinks  that  this  can  all  be  explained  by  the  supposition  that 
ihe  axis  of  a  typhoon  is  inclined  to  the  earth's  surface,  instead  of 
being  truly   vertical,  and    that  the   whole    system  nutates  like  a 

The  author,  however,  believes  that  there  are  insuperable  difficulties 
in  the  conception  of  a  nutating  axis  of  a  cyclone,  though  he  does  not 
propose  to  discuss  the  question  in  this  paper.  The  idea  that  the 
"nviation  of  destruction  for  the  same  velocity  was  due  to  a  slant  in  the 
wind  has  often  been  suggested  before,  and  though  slanting  gusts 
tmdonbtedly  occur,  he  is  not  prepared  to  pronounce  a  definite  opinion 
<m  the  question,  from  the  evidence  at  present  available.  His  object 
in  introducing  the  snbject  here,  was  to  point  out  how  the  variability  of 
destmction  can  be  used  in  practical  forecasting,  even  if  Faura's 
theory  cannot  be  maintained  as  a  whole. 

The  weather  in  and  surrounding  a  typhoon  is  very  characteristic. 
The  whole  storm  is  surrounded  by  a  ring  of  cirrus.  Halo  is  an 
^ost  constant  precursor  of  a  cyclone,  and  is  sometimes  seen  in  rear. 
The  author  made  special  enquiry  on  this  point,  for  herein  tropical 
differ  very  much  from  extra-tropical  cyclones.  In  Great  Britain  we 
larely  see  cirrus  of  any  description  in  rear  of  a  cyclone,  still  less 
the  formless  ice-dust  called  cirro-nehula  by  Ley,  which  is  almost 
enential  to  the  formation  of  halo. 

The  form  of  cirrus  in  this  ring,  especially  in  front,  is  typically  that 
known  as  *'  cat's  tails  "  or  **  cock's  plumes  "  (rabos  de  gallo)  ;  and  there 
<eem8  to  be  a  tendency  for  the  lines  of  cloud  to  radiate  from  the 
▼ortex.  This  idea  was  first  suggested  by  Padre  B.  Vines  of  Havana, 
bat  requires  further  investigation,  for  the  author  was  informed  at 
Hong  Kong  that  they  had  not  observed  that  allineation  there. 

All  observers  are  agreed  that  here,  as  elsewhere,  cirrus  is  seen 
before  the  barometer  begins  to  fall. 

Inside  the  cirrus  comes  a  ring  of  dense  black  cloud,  and  then  a 
tmaller  ring  of  heavy  rain  and  dense  nimbus.     When  a  ty^^iooti.  esAi 
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be  observed  approaching  at  a  distance,  monntainons  cnmnlus  are  seei 
over  this  central  rain. 

But,  just  as  in  higher  latitudes,  the  clouds  in  front  are  dirtier  thai: 
those  in  rear  of  the  trough ;  for  when,  in  the  latter  portion  of  the 
typhoon,  the  fracto-cumulus  begins  to  break,  either  blue  sky  or  firm 
f  racbo-cumulus  becomes  visible.*  Thus  trough  phenomena  appear  tc 
be  only  slightly  marked  in  the  Philippines,  but  very  much  information 
on  this  point  could  not  be  procured. 

Lastly  in  the  vortex  of  the  typhoon  we  find  the  "  bnirs-eye  "  oi 
calm  clear  spot,  a  few  miles  in  diameter,  surrounded  on  all  sides  bj 
the  fury  of  the  hurricane.  Many  accounts  received  agree  in  saying  thai 
light  cirri  are  usually  seen  over  this  area,  that  near  land  this  space 
IS  full  of  birds  taking  refuge  from  the  terrific  surrounding  squalls, 
and  that  the  heat  is  suffocating.  During  the  passage  of  the  vortex 
over  Manila,  on  the  20th  October,  the  thermometer  rose  rapidly,  and 
the  relative  humidity  decreased  to  an  extent  hardly  known  in  the 
driest  months.  Tbe  universal  exclamation  was  *'  the  air  bums."  In 
the  succeeding  typhoon,  November  4th  and  5th,  no  such  central  heai 
was  observed,  but  the  intensity  of  the  cyclone  was  much  less. 

The  instrumental  observations  at  Manila  on  these  two  occasions  are 
almost  unique ;  but  there  is  no  doubt  that  a  clear  hot  central  spot  is 
a  normal  feature  of  tropical  cyclones.  The  oppressive  heat  and  greal 
dryness  would  probably  point  to  the  existence  of  a  slight  down  draft 
in  the  core  of  the  cyclone.  It  is  extremely  difficult  to  form  a  definite 
conception  of  such  a  system  of  circulation,  for  there  is  not  the 
nlightest  doubt  that  the  main  mass  of  air  in  the  centre  of  a  cyclone 
is  rising.  The  only  reasonable  suggestion  which  has  yet  been  made, 
has  been  proposed  by  Yettin  and  Sprung,  who  think  that  under 
certain  conditions  a  local  downward  eddy  is  formed  in  the  centre  of 
an  atmospheric  whirl.  We  must,  however,  consider  the  question  to 
be  as  jet  unsolved,  and  there  is  no  point  in  the  mechanism  of  a 
cyclone  to  which  more  attention  should  be  directed. 

But  the  most  remarkable  point  is  that  the  blue  centre  does  not 
always  coincide  with  the  barometric  vortex.  Sometimes  the  blue  is 
in  front,  sometimes  behind,  sometimes  to  one  side  of  the  absolute 
minimum ;  and  this  has  been  considered  as  a  proof  of  the  inclination 
of  the  axis  of  the  typhoon.  This  non-coincidence  of  the  blue  and  of 
the  barometric  centre  of  the  vortex  has  been  noticed  in  every  otber 
hurricane  country,  but  at  present  it  is  impossible  safely  to  do  more 
than  record  the  fact  for  further  investigation.  The  supposed  non- 
coincidence  of  the  centre  of  wind  rotation  with  the  barometric 
minimum  has  been  noticed  when  discussing  Indian  cyclones. 

All  the  characteristics  of  a  typhoon  are  well  exemplified  in  figs.  9 

*  Fracto-cumulus  is  a  name  applied  at  Manila  to  scud  and  irregular  broken 
aurpnlna. 
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l^phoon  in  tiw  FhUippinsa,  October  20t!i,  1882. 
Fio.  10. 


Bsrognm  in  Tf  phi 


wd  10,  where  redDctions  are  ^veu  irom  two  diagramB  in  the  '  Obser- 
ntorio  Ueteorol6gico  del  Ateneo  Uasicipal  de  Manila.  Observa- 
CuniM  Tsrificadas  dnrante  el  ano  de  1882.' 

Id  6g.  9,  the  oval  lorm,  and  centre  displaced  towards  the  rear,  are 
•Inurt  identical  in  general  character  witb  the  British  cfclooe  given 
in  fig.  1;   only  the  sharpness  of    the   central    depreBBiou  U  m.uOa. 
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greater.  The  isobars  are  drawn  at  intervals  of  0'4  inch,  and  as  the 
longer  diameter  is  only  about  315  miles,  and  the  shorter  on& 
245  miles,  the  intensity  of  the  depression  can  be  readily  realised. 

But  perhaps  this  will  be  even  more  strikingly  exhibited  if  we  look 
at  the  barogram  during  the  typhoon  at  Manila,  as  given  in  fig.  10. 
There  we  find  many  of  the  typical  features  of  a  tropical  cyclone,  in 
the  strong  diurnal  variation  of  pressure  on  the  top  of  the  general 
diminution  of  pressure  which  preceded  the  typhoon  by  several  days,^ 
and  in  the  very  sudden  depression  near  the  centre  of  the  hurricane. 

The  incurvature  of  the  wind  is  very  pronounced;  and  it  is,, 
perhaps,  important  to  note  that  the  strong  supposed  rising  impulse  in 
front  of  the  centre,  to  which  we  have  already  alluded,  is  associated 
with  a  rearward  compression  of  the  isobars. 

The  Yortez  was  almost  exactly  centred  over  Manila  at  the  moment 
for  which  the  chart  is  constructed,  and  though  the  rain  ceased  and 
the  overcast  sky  grew  higher,  there  was  no  blue  visible. 

The  velocity  of  the  whole  typhoon  appears  to  have  been  about 
19  miles  an  hour. 

Hong  Kong, — From  Manila  the  author  went  to  Hong  Kong,  where 
Dr.  Doberck,  of  the  Observatory  at  Kow-long,  has  been  giving  much- 
attention  to  the  subject  of  typhoons. 

Among  other  interesting  points.  Dr.  Doberck  has  remarked  that 
he  has  never  found  any  indications  of  secondaries  dependent  on  a^ 
primary  cyclone ;  that  the  vertical  succession  of  upper  currents  is  the 
same  as  obtains  in  higher  latitudes ;  and  that  the  incurvature  of  the 
wind  is  less  in  front  than  in  rear  of  a  typhoon.  The  last  is  identical 
with  what  Meldrum  has  found  in  the  South  Indian  Ocean,  but  the- 
contrary  of  what  usually  occurs  in  Great  Britain.  Dr.  Doberck  also 
considers  that  the  incurvature  of  the  wind  in  a  typhoon  decreases  as 
the  depression  recedes  from  the  equator. 

There  are  many  observations  to  the  effect  that  the  central  calm 
does  not  coincide  with  the  minimum  of  the  barometer ;  but  nothing 
has  yet  been  remarked  with  reference  to  trough  phenomena. 

Thunder]  and  lightning  do  not  occur  in  the  heart  of  the  typhoon ; 
but  600  to  800  miles  to  the  S.  or  S.W.  of  the  centre  thunderstorms 
may  be  experienced. 

Japanese  Typhoons. 

From  Hong  Kong  the  author  proceeded  to  Tokiyo,  in  Japan,  to 
study  the  transitional  district  between  tropical  and  extra-tropical 
cyclones ;  and  through  the  courtesy  of  Mr.  E.  Knipping  and  Mr.  Y. 
Wada,  he  succeeded  in  obtaining  most  valuable  information. 

The  result  of  all  his  researches  may  be  briefly  summarised  as 
follows  /— 


Tropical  and  Extra-tropical  Cyclones,  23 

The  shape  of  Japanese  cyclones  is  nsaallj  oval ;  bat  well-defined 
typhoons  are  more  nearly  circular  than  the  ordinary  depressions  of 
that  country.  The  latter  are,  however,  as  a  rale,  far  more  pronoanced 
ovals  than  in  Earope.  As  typhoons  move  into  higher  latitudes,  they 
certainly  tend  to  become  larger,  more  irregular  in  shape,  and  to  move 
with  greater  rapidity.  The  centre  is  almost  always  more  or  less 
displaced,  but  the  longer  diameter  tends  in  a  marked  degree  to  lie 
nearly  parallel  to  the  line  of  propagation. 

Secondaries  seem  to  be  rare  on  the  sides  of  the  primaries ;  but  the 
latter  have  the  same  reluctance  to  traverse  land,  and  the  same 
tendency  to  follow  one  another  along  the  same  path,  which  are  found 
BO  frequently  in  European  cyclones. 

The  velocity  of  translation  is  greater  than  in  the  Philippines ;  but 
the  Jnly  typhoons  usually  move  more  slowly  than  those  in  August  or 
September. 

Mr.  Knipping  thinks  from  observations  on  the  upper  clouds  that 
Uie  height  of  some  typhoons  does  not  exceed  three-quarters  of  a  mile, 
or  about  4000  feet ;  but  the  author  considers  this  estimate  far  too 
low. 

The  wind  is  usually  less  incurved  in  front  than  in  rear  of  the 
centre ;  and  at  some  distance  in  front,  with  a  S.E.  wind,  the  centre 
nay  bear  S.  This  is  a  very  important  point  with  reference  to 
handling  ships,  but  cannot  be  discussed  here  for  want  of  sufficient 
information.  It  is,  however,  quite  certain  that  though  the  baro- 
meter may  have  begun  to  fall,  a  ship  may  not  really  be  within  the 
sphere  of  the  typhoon. 

Much  information  coald  not  be  got  on  the  movements  of  the  upper 
cloads.     Some  of  the  observations  at  Nagasaki  are  very  discrepant. 

The  author  believes,  however,  that  there  is  not  the  slightest  doubt 
that  the  general  circulation  of  a  typhoon  is  exactly  similar  to  that  in 
an  extra-tropical  cyclone,  for  Mr.  Harries  (*  Quarterly  Journal  of  the 
Kojal Meteorological  Society,'  vol.  12,  p.  10)  has  traced  a  typhoon  from 
the  Philippines  across  the  Pacific  and  the  United  States  into  Europe. 
This,  like  all  other  long-lived  cyclones,  received  accessions  of  inten- 
Bity  from  time  to  time  by  fusion  with  other  cyclones  which  had 
formed  outside  the  tropics ;  and  it  is  inconceivable  that  two  eddies, 
circnlating  on  different  systems,  could  coalesce  without  destroying  one 
another.  Cyclones  are  sapposed  to  have  the  same  general  circulation, 
or  to  circulate  on  the  same  system,  when  the  whole  body  of  the  storm 
circulates  in  the  same  manner — in-going  counter-clockwise  below, 
tangential  to  the  isobars  at  low  levels,  outgoing  at  the  highest  altitudes. 
Two  such  cyclones,  near  one  another,  can  and  do  easily  coalesce ;  but 
if  the  upper  currents  in  a  typhoon  were  essentially  different  from 
those  in  extra-tropical  cyclones,  two  adjacent  cyclonfes  could  not 
coalesce   without  destroying  each   other.     Gyclonea  ^out\i  oi  ^iXi^ 
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equator  circulate  on  an  opposite  syBtem  to  those  in  the  nortl 
hemisphere,  and  it  is  certain  that  a  hurricane  generated  sonth  of 
line  oould  not  coalesce  with  one  developed  north  of  the  eqnator. 

All  accoonte  agree  that  cirrus  is  seen  all  round  a  typhoon  in  Ja 
as  at  Manila,  and  that  rain  extends  much  further  in  front  thai 
rear  of  the  centre,  as  in  higher  latitndes.  In  some  typhoons 
development  of  sqoalls  is  bis  greater  in  front  than  in  rear  of 
trongh ;  and  this  is  the  opposite  of  what  is  found  in  England. 

Lightning  is  sometimes  seen  in  front  of  the  centre  of  a  typh< 
bat  apparently  rarely  in  the  tme  storm  field. 

Cirma  clond  is  observed  over  the  bine  of  the  "  bull's-eye," 
ICr.  E!nipping  informed  the  anthor  that  the  clear  central  spot  is 
seen  in  quick-moving  cyclones,  while  it  is  a  very  marked  phenome 
of  those  whose  progress  is  slow.  This  is  a  most  important  ol 
vation. 

The  "bnll's-eye"  and  the  centre  of  the  wind's  rotation  do 
appear  to  be  always  coincident  with  the  barometric  centre  of 
cyclone;  but  there  are  not  enough  land  observations  to  enable 
author  to  do  more  than  note  this  point. 

There  are  certainly  traces  of  trongb  phenomena,  though 
strongly  defined.  Mr.  Wada  told  the  author  that  the  clouds  so 
times  brighten  a  little  about  the  passage  of  the  trough,  and  t 
become  dark  again;  but  he  had  never  noticed  a  line  of  squalls  aJ 
the  line  of  tbe  trough. 

Temperature   is   uaoally  higher  in   front  and  lower    in   reot 
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Jipuese  typhooDB,  and  here  therefore  the;  approximate  moi-e  nearly 
^  the  Enrope&n  type  of  cyclones. 
Host  of  the  aboTe  characteristics  of  cyclonea  in  the  Cjh\Tt&  $>eaa 
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are  well  illustrated  by  the  diagrams  given  in  figs.  11, 12,  13  of  a 
typhoon  which  raged  from  September  18th  to  20th,  1878,  which  are 
taken  from  Mr.  Knipping's  paper  **  The  September  TaifxLns,  1878," 
in  the  *  Mittheilangen  der  Deutschen  Gesellschaft  fur  Natnr-  nnd 
Volkerkunde  Ostasiens,'  Heft  18,  p.  333. 

In  figs.  11  and  13  the  nsnal  oval  form  and  pressing  of  the  centre  to 
one  side  are  very  obvious ;  and  on  the  intervening  day,  fig.  12,  we  find 
the  typhoon  in  a  transitional  irregular  form,  with  all  the  indications 
of  secondaries.  The  intensity  of  the  whole  is  also  much  less  than  in 
our  example  from  Manila. 

The  mean  velocity  of  translation  was  10  miles  an  hour,  but  varied 
at  times  from  2'3  to  25  miles  per  hour. 

The  incurvature  of  the  wind  is  obviously  much  less  than  at 
Manila ;  and  the  squalls  were  far  more  pronounced  in  front  than  in 
rear  of  the  typhoon. 

The  rain  also  extended  much  further  in  front  than  in  rear ;  and 
the  improvement  in  the  weather  after  the  passage  of  the  trough  was 
very  rapid. 

The  amount  of  precipitation  was  so  great  that  Mr.  Knipping  calcu* 
lates  that  no  less  than  30,000  million  tons  of  water  fell  on  the 
19th  September  on  the  portion  of  the  earth's  surface  lying  between 
30°  and  35"  N.  lat.,  and  120°— 130"  E.  long. 

Mauritius. 

The  author  does  not  propose  to  detail  here  his  researches  on  hurri* 
canes  in  the  Mauritius,  as  they  bear  more  on  the  great  value  of 
Mr.  Meldram's  rules  for  handling  ships  in  cyclones  than  on  the 
subject  of  this  paper.  All  that  need  be  said  here  is  that  allowing  for 
difference  of  wind  rotation  due  to  the  southern  hemisphere,  the  phe- 
nomena of  a  Mauritias  hurricane  are  .exactly  analogous  to  those  in 
the  Bay  of  Bengal  or  in  the  Philippines. 

He  finds  the  same  oval  shape,  with  displaced  centre,  and  the  same 
variations  in  the  shape  during  the  progress  of  any  particular  hurri- 
cane. The  wind  is  also  very  slightly  incurved  in  front,  and  very 
markedly  so  in  rear  of  the  cyclone.  Cirrus  extends  all  round  the 
storm  field ;  a  blue  bull's-eye  is  almost  constant ;  and  any  *'  trough 
phenomena  "  are  very  slightly  marked.  But,  just  as  at  Manila,  when 
the  nimbus  breaks  in  rear  the  clouds  are  harder  there  than  in  front ; 
and  M.  Bridet  at  Reunion  has  noticed  that  the  squalls  are  rather 
worse  when  the  barometer  turns  to  rise,  i.e.,  along  the  trough  of  the 
cyclone. 

The  propagation  of  these  hurricanes  is  usually  very  slow. 
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Western  Paeijic. 

The  author  has  also  visited  New  Caledonia  and  Fiji  to  gather  infor- 
mation as  to  the  character  of  hurricanes  in  that  part  of  the  world. 
He  was  not,  however,  able  to  collect  sufficient  materials  to  justify  him 
in  saying  more  than  that  those  hurricanes  seem  to  differ  from  those  in 
\he  Mauritius  in  little  except  their  smaller  intensity. 

The  subject  of  wind  in  cyclones  has  already  been  fully  investigated 
in  many  countries,  but  the  points  on  which  further  research  is 
urgently  required  are : — 1.  The  nature  of  the  central  "  bull's-eye  " ; 
2.  The  phenomena  of  the  trough;  and  3.  The  nature  of  the  high 
pressure  areas  which  immediately  surround  a  cyclone. 

[Note. — The  difference  of  temperature  in  front  and  rear  of  all 
tropical  hurricanes  is  much  less  than  in  extra-tropical  depressions.  At 
the  outskirts  of  a  hurricane,  about  the  time  that  cirrus  fii*st  begins  to 
iorm  in  the  blue  sky,  the  heat  is  sometimes  very  oppressive.  The 
thermometer  does  not  rise  much ;  but  as  the  ordinary  breezes  have 
Med,  and  been  replaced  by  a  suffocating  calm,  and  the  increasing 
humidity  diminishes  the  evaporation  of  perspiration,  the  quality  of 
the  heat  is  peculiarly  distressing. 

As  the  aky  gets  overcast  and  the  rain  commences,  temperature 
ftlways  falls,  and  continues  relatively  low  till  the  sun  shines  again 
After  the  disturbance  has  passed  away.  This  cold  appears  to  be 
simply  due  to  the  obscuration  of  the  sun*s  rays  by  cloud,  and  possibly 
pAHly  also  to  a  little  cold  air  being  brought  down  by  the  heavy  rain. 

All  this  is  very  different  to  the  temperature  disturbance  of  a 
British  cyclone.  The  thermometer  rises  in  England  rapidly  after  the 
akj  has  beoome  overcast,  and  remains  high  until  the  trough  has 
paeaed,  when  a  notable  diminution  of  temperature  suddenly  takes 
place. 

In  a  tornado,  the  rise  of  temperature  in  front,  and  diminution  in 
rair  of  the  disturbance,  are  very  marked,  and  so  far  diminish  the 
analogy  between  a  tornado  and  a  hurricane. 

Since  this  paper  was  in  type  the  author  has  had  an  opportunity  of 
aiadying  Padre  B.  Vines'  *  Apuntes  relatives  i  los  Huracanes  de  las 
Antillas.'  That  work  confirms  all  the  peculiarities  of  tropical 
cjclones  found  in  other  countries. 

In  Cuba  hurricanes  have  the  same  oval  shape  and  displaced  centre 
as  in  other  tropical  countries ;  and  the  same  rise  of  pressure  with 
jumsually  fine  weather  occurs  just  before  the  advent  of  the  depression. 

The  wind  is  little  incurved  in  front,  but  very  much  so  in  rear ;  and 
a  dear  *'  bnirs-eye,"  surrounded  first  by  a  ring  of  squally  rain  and 
then  by  a  fringe  of  feathery  cirrus,  is  the  normal  distribution  of 
Weather  round  the  centre  of  the  hurricane.  No  trough  phenomena 
appear  to  have  been  observed  by  Padre  Vines. — Added  June,\%%T  .'\ 
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Oondustons. 

The  conclasions  as  to  the  relation  of  tropical  to  extra- tropical  ojolones 
which  the  author  has  derived  from  the  researches  of  which  thiB  paper 
gives  an  account  may  be  stated  thns  :  — 

All  cyclones  have  a  tendency  to  assume  an  oval  form ;  the  longer 
diameter  may  lie  in  any  direction,  but  has  a  decided  tendency  to 
range  itself  nearly  in  a  line  with  the  direction  of  propagation. 

The  centime  of  the  cyclone  is  almost  invariably  pressed  towards  one 
or  other  end  of  the  longer  diameter ;  but  the  displacement  may  vaiy 
during  the  course  of  the  same  depression. 

Tropical  hurricanes  are  usually  of  much  smaller  dimensions  than 
extra-tropical  cyclones ;  but  the  central  depression  is  much  steeper 
and  more  pronounced  in  the  former  than  in  the  latter. 

Tropical  cyclones  have  less  tendency  to  split  into  two,  or  to  develop 
secondaries  than  those  in  higher  latitudes. 

A  typhoon,  which  has  come  from  the  tropics,  can  combine  with  a 
cyclone  that  has  been  formed  outside  the  tropics,  and  form  a  single 
new,  and  perhaps  more  intense,  depression. 

No  cyclone  is  an  isolated  phenomenon ;  it  is  always  related  to  the 
general  distribution  of  pressure  in  the  latitudes  where  it  is  generated. 
The  concentric  circles,  which  are  usually  drawn  to  represent  a  cyclone, 
ignore  the  fact  that  a  cyclone  is  always  connected  with  and  controUetl 
by  some  adjacent  area  of  high  pressure. 

In  all  latitudes  pressure  often  rises  over  a  district  just  before  the 
advent  of  a  cyclone.  The  nature  of  this  rise  is  at  present  obscure ; 
but  the  character  of  the  unusually  fine  weather  under  the  high 
pressure  is  identical  both  within  and  without  the  tropics. 

In  all  latitudes  a  cyclone  which  has  been  generated  at  sea  appears 
to  have  a  reluctance  to  traverse  a  land  area,  and  usually  breaks  up 
when  it  crosses  a  coast  line. 

After  the  passage  of  a  cyclone  in  any  part  of  the  world  there  is  a 
remarkable  tendency  for  another  to  follow  very  soon,  almost  along  the 
same  track. 

The  velocity  of  propagation  of  tropical  cyclones  is  always  small, 
and  the  average  greatly  less  than  that  of  European  depressions. 

There  is  much  less  difference  in  the  temperature  and  humidiiy 
before  and  after  a  tropical  cyclone  than  in  higher  latitudes.  The 
quality  of  the  heat  in  front  is  always  distressing  in  every  part  of  the 
world. 

The  wind  rotates  counter-clockwise  round  every  cyclone  in  the 
northern  hemisphere;  and  everywhere  as  an  in-going  spiral.  The 
amount  of  incurvature  for  the  same  quadrant  may  vary  during  the 
course  of  the  same  cyclone;  but  in  most  tropical  hurricanes  the 
incurvature  is  least  in  front,  and  greatest  in  rear,  whereas  in  England 
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the  greatest  incnrvatnre  is  nsnallj  found  in  the  right  front.  Some 
obsenrers  think  that,  broadlj  speaking,  the  incurvature  of  the  wind 
decreases  as  we  recede  from  the  equator. 

The  velocity  of  the  wind  always  increases  as  we  approach  the  central 
calm  in  a  tropical  cyclone ;  whereas  in  higher  latitudes  the  strongest 
winds  and  steepest  g^dients  are  often  some  way  from  the  centre. 
The  portion  of  a  cyclone  which  is  of  hurricane  yiolence  forms,  as  it 
were,  a  kernel  in  the  centre  of  a  ring  of  ordinarily  bad  weather.  In 
this  peculiarity  tropical  cyclones  approximate  more  to  the  type  of  a 
whirlwind  tornado ;  but  the  author  does  not  think  that  a  cyclone  is 
onlj  a  highly  developed  whirlwind,  as  there  are  no  transitional  forms 
of  rotating  air. 

The  general  circulation  of  a  cyclone,  as  shown  by  the  motion  of  the 
clouds,  appears  to  be  the  same  everywhere. 

All  over  the  world  unusual  coloration  of  the  sky  at  sunrise  and 
nmset  is  observed  not  only  before  the  barometer  has  begun  to  fall  at 
aaj  place,  but  before  the  eidstence  of  any  depression  can  be  traced  in 
the  neighbourhood. 

Cirrus  appears  all  round  the  cloud  area  of  a  tropical  cyclone,  instead 
of  only  round  the  front  semicircle  as  in  higher  latitudes.  The  alline- 
ments  of  the  stripes  of  cirrus  appear  to  lie  more  radially  from  the 
centre  in  the  tropics,  instead  of  tangentially  to  the  isobars,  as  indicated 
hj  the  researches  of  Ley  and  Hildebrandsson  in  England  and  Sweden 
respectively. 

The  general  character  of  the  cloud  all  round  the  centre  is  more 
nniform  in  than  out  of  the  tropics ;  but  still  the  clouds  in  rear  are 
always  a  little  harder  than  those  in  front. 

Everywhere  the  rain  of  a  cyclone  extends  farther  in  front  than  in 
rear.  Cyclone  rain  has  a  specific  character,  quite  different  from  that 
of  showers  or  thunderstorms ;  and  this  character  is  more  pronounced 
in  tropical  than  in  extra- tropical  cyclones. 

Thunder  or  lightning  are  rarely  observed  in  the  heart  of  any 
<7doDe,  and  their  absence  is  a  very  bad  sign  of  the  weather. 
Thonderstorms  are,  however,  abundantly  developed  on  the  outskirts 
of  tropical  hurricanes. 

Squalls  are  one  of  the  most  characteristic  features  of  a  tropical 
cjclone,  where  they  surround  the  centre  on  all  sides;  whereas  in 
Great  Britain  squalls  are  almost  exclusively  formed  along  that  portion 
of  the  line  of  the  trough  which  is  south  of  the  centre,  and  in  the  right 
rear  of  the  depression.  As,  however,  we  find  that  the  front  of  a  British 
cjdone  tends  to  form  squalls  when  the  intensity  is  very  great,  the 
inference  seems  justifiable  that  this  feature  of  tropical  hurricanes  is 
,  simply  due  to  their  exceptional  intensity. 

A  patch  of  blue  sky  in  the  centre  of  a  cyclone,  commonly  known  as 
tbe^^baU's-eje,"  is  almost  universal  in  the  tropios,  audi  %l'^^T«vi^\'^ 
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unknown  in  higher  latitudes.  This  blue  patch  does  not  apparentlj 
always  coincide  exactly  with  the  barometric  centre.  The  anther's 
researches  show  that  in  middle  latitudes  the  formation  of  a  bnll's-eye 
does  not  take  place  when  the  motion  of  translation  is  rapid  ;  bat  as 
this  bine  space  is  not  observed  in  British  cyclones  when  they  are 
moving  slowly,  it  would  appear  that  a  certain  intensity  of  rotation  is 
necessary  to  develop  this  phenomenon. 

The  trough  phenomena — such  as  a  squall,  a  sudden  shifl  of  wind 
and  change  of  clond  character  and  temperature  just  as  the  barometer 
turns  to  rise,  even  far  from  the  centre — which  are  such  a  prominent 
feature  in  British  cyclones,  have  not  been  even  noticed  by  manj 
meteorologists  in  the  tropics.  The  author,  however,  shows  that  there 
are  slight  indicatious  of  these  phenomena  everywhere;  and  he  has 
collated  their  existence  and  intensity  with  the  velocity  of  propagation 
of  the  whole  mass  of  the  cyclone. 

Every  cyclone  has  a  double  symmetry.  One  set  of  phenomena  snch 
as  the  oval  shape,  the  general  rotation  of  the  wind,  the  cloud  ring,  rain 
ar«a,  and  central  blue  space,  are  more  or  less  related  to  a  central  point. 
Another  set,  such  as  temperature,  humidity,  the  general  character 
of  the  clouds,  certain  shifts  of  wind,  and  a  particular  line  of  sqaalls, 
are  more  or  less  related  to  the  front  and  rear  of  the  line  of  the  troogh 
of  a  cyclone. 

The  author's  researches  show  that  the  first  set  are  strongly  marked 
in  the  tropics,  where  the  circulating  energy  of  the  air  is  great  and  the 
velocity  of  propagation  small ;  while  the  second  set  are  most  prominent 
in  extra- tropical  cyclones,  where  the  rotational  energy  is  moderate 
and  the  translational  velocity  great. 

The  first  set  of  characteristics  may  conveniently  be  classed  together 
as  the  rotational ;  the  second  set  as  the  translational  phenomena  of  a 
cyclone. 

Tropical  and  extra-tropical  cyclones  are  identical  in  general 
character,  but  differ  in  certain  details  due  to  latitude,  surrounding 
pressure,  and  to  the  relative  intensity  of  rotation  or  translation. 
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The  conduction  of  heat  in  liquids  has  of  late  years  been  considered 
by  several  observers  in  Germany.     In  this  country  Mr.  J.  T.  Bottom- 
ley  and  Professor  Guthrie  carried  out  experiments  a  good  many  years 
ago,  but  in  neither  case  do  the  results  agree  well  with  those  obtained  * 
abroad.     In  all  the  more  recent  methods  the  conduction  has  taken 
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pkoe  through  thin  layers  of  the  liquid,  and  thus  in  interpreting  the 
raaliB,  the  conditions  at  the  surfaces  limiting  the  liquid  layer  are  of 
piimaiy  importance.  It  has  been  assumed  by  each  observer  that  con- 
tigoons  surfaces  of  any  two  media  are  in  all  circumstances  at  the  same 
temperature.  This,  however,  is  contradicted  by  some  high  authorities, 
90  it  would  seem  important  to  have  independent  results  based  on 
experiments  in  which  the  liquid  layer  is  of  considerable  thickness. 

It  should  also  be  noted  that  in  methods  employing  thin  layers  the 
temperature  varies  so  rapidly  in  passing  from  one  surface  to  the  other 
that  the  liquid  forms  a  by  no  means  very  homogeneous  medium.  This 
iithe  more  important  because  experiments  indicate  that  the  conduc- 
tivity  of  most  if  not  all  liquids  increases  rapidly  as  the  temperature 
rises. 

The  following  experiments  were  carried  out  in  the  Cavendish 
Laboratory  at  the  suggestion  of  Professor  J.  J.  Thomson,  to  whom  I 
am  much  indebted  for  suggestions  as  to  the  form  of  the  apparatus 
and  the  methods  to  be  employed. 

Two  series  of  experiments  were  made  with  different  apparatus.  In 
ti»  earlier  series  it  was  found  that  the  apparatus  was  too  large  to  be 
conTeniently  worked,  and  few  results  of  a  satisfactory  nature  were 
obtamed.  In  the  second  series  the  apparatus  was  much  reduced  in 
size,  though  otherwise  closely  resembling  that  first  employed.  It  will 
thoB  be  sufficient  to  describe  the  second  form  and  supply  data  as  to  the 
aiie  of  the  first. 

The  liquid  was  contained  in  a  wooden  tub  with  vertical  sides, 
19*15  cm.  in  diameter,  which  was  carefully  fitted  up  by  the  mechanic; 
^  the  Cavendish  Laboratory.  Not  far  below  the  rim  and  at  equal 
distances  apart  were  fixed  three  conical  wooden  pegs.  The  axes  of 
the  pegs  formed  parts  of  radii  of  a  horizontal  section  of  the  tub,  pro- 
jecting inwards  from  the  cylindrical  surface  to  a  distance  somewhat 
exceeding  2  cm.  The  pegs  supported  a  flat,  thin-bottomed  dish  of 
tin-plate,  14*85  cm.  in  diameter,  whose  base  was  thus  maintained 
horizontal.  The  liquid  was  poured  into  the  tub  till  it  reached  the 
hase  of  the  dish.  The  liquid  surface  being  strictly  horizontal,  it  was 
^j  to  judge  by  the  eye  whether  the  dish  was  so  also  ;  if  not  the  tub 
W  to  be  adjusted  till  it  was  so.  It  was  then  advisable  to  stir  the 
liqaid  to  make  sure  that  no  air  bubbles  remained  clinging  to  the  dish. 
The  bottom  of  the  dish  was  about  5*2  cm.  above  that  of  the  tub. 

The  method  required  the  temperature  to  be  measured  at  a  known 
depth  below  the  liquid  surface.  This  end  was  secured  by  measuring 
^e  electrical  resistance  of  a  fine  straight  platinum  wire  6'6  cm.  long, 
which  was  supported  at  a  depth  of  2*61  cm.  below  the  surface  by  two 
tDiall  trestles  of  glass.  These  were  fixed  in  the  bottom  of  the  tub  and 
projected  upwards.  The  platinum  wire  was  drawn  tight  over  them, 
each  end  being  fused  to  a  much  thicker  piece  of  copper  wire^  so  that 
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the  junctions  were  exactly  at  the  same  depth  and  immediately  below 
the  level  of  the  platinum  wire.  The  copper  wires  were  tied  with  silk 
to  the  vertical  parts  of  the  trestles,  and,  passing  straight  down,  were 
led  through  the  bottom  of  the  tub.  The  middle  point  of  the  platinum 
wire  was  vertically  below  the  centre  of  the  dish,  and  thus  its  endn 
were  much  nearer  the  axis  of  the  tub  than  was  the  rim  of  the  dish. 
The  strictly  horizontal  position  of  the  wire  was  tested  by  pouring  in 
water  first  to  the  level  of  the  wire  and  then  to  that  of  the  dish.  It 
was  thus  made  certain  that  when  the  tub  was  placed  so  that  the  dish 
was  horizontal,  the  platinum  wire  was  so  also.  For  most  liquids  the 
pegs,  wires,  Ac.,  were  secured  by  sulphur,  but  for  bisulphide  of  carbon 
this  was  replaced  by  asbestos.  During  the  experiments  the  tub  was 
placed  inside  a  double- walled  wooden  box,  the  space  between  the  walls 
being  stuffed  with  packing.  The  box  was  provided  with  a  double  lid 
similarly  stuffed.  To  the  ends  of  the  copper  wires  were  attached 
binding  screws,  the  wires  leading  from  which  passed  through  g^rooven 
cut  in  the  rim  of  the  box.  Thus  the  wires  were  in  no  way  disturbed 
in  moving  the  lid.  This  was  a  point  of  some  importance,  as  even  the 
small  variations  in  the  electrical  resistance  produced  by  slightly  dis- 
turbing the  binding  screws  was  apt  to  affect  the  accuracy  of  the 
observations. 

The  platinum  and  its  connecting  wires  formed  one  of  the  resistances 
of  a  Wheatstone*s  bridge  arrangement.  One  of  the  others  was  a  fixed 
resistance,  and  the  remaining  two  were  supplied  by  a  wire  bridge  with 
a  sliding-piece.  The  resistance  of  the  platinum  wire  varies  with  the 
temperature,  and — at  least  for  small  variations — its  change  is  propor- 
tional to  the  change  of  temperature.  The  current  was  supplied  by  a 
single  element — a  small  Daniell  or  Leclanch6.  A  galvanometer, 
whose  resistance  could  be  reduced  to  0*12  of  an  ohm,  measured  the 
variation  from  a  balance  between  the  resistances.  The  usual  precau- 
tions in  dealing  with  small  resistances  had  to  be  taken ;  in  particular 
it  was  found  difficult  to  avoid  producing  thermoelectric  currents  if 
the  sliding-piece  were  moved. 

In  the  first  apparatus  the  tub  was  38*2  cm.  in  diameter,  and  the 
dish  30'2.  The  platinum  was  coiled  in  a  spiral  round  a  fine  horizontal 
glass  tube  at  a  mean  depth  of  6'45  cm.  below  the  liquid  surface  and 
about  7  cm.  above  the  bottom  of  the  tub.  The  length  of  the  spiral 
was  less  than  the  radius  of  the  tub. 

The  method  of  conducting  the  experiment  was  as  follows : — The 
tub  was  put  inside  the  box  and  filled  with  the  liquid  to  the  level  of 
the  dish.  The  box  having  been  adjusted  till  the  dish  was  horizontal, 
the  lid  was  put  on.  The  sliding-piece  of  the  bridge  wire  was  then 
moved  till  no  current  traversed  the  galvanometer.  As  the  tab  and 
liquid  were  in  general  at  slightly  different  temperatures  to  begin  with, 
I    some  time  elapsed  before  the  galvanometer  reading  became  constant. 
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When  ihiB  liad  ocottrred  the  sliding-piece  was  again  moTed  till  there 
iw  no  cnrrent  throngh  the  galvanometer.  It  was  then  unnecessary 
to  more  the  slitUng-piece  again,  unless  the  deflection  became  greater 
thtn  was  usual  in  the  experiment.  When  the  galvanometer  reading 
kd  remained  some  time  constant,  the  lid  of  the  box  was  removed  and 
wme  hot  water  rapidly  poured  into  the  dish,  care  being  taken  that 
none  splashed  over  into  the  tub.  Sometimes  the  lid  was  immediately 
Tefdsced  and  left  on  during  the  whole  of  the  experiment ;  on  other 
oocuions  the  water  was  after  a  certain  interval  removed  by  a  siphon, 
nitdy  filled  for  the  purpose.  This  always  left  a  small  quantity  of 
nier  sufficient  to  cover  the  base  of  the  dish  without  separating  into 
drops. 

The  battery  was  connected  with  a  key,  and  there  was  another  in  the 
galvBiiometer  circuit.  In  the  earlier  experiments  these  were  depressed 
in  close  succession  at  intervals  of  one  minute,  and  the  consequent 
Uck  or  deflection  of  the  needle  observed.  Subsequently  it  was  found 
more  convenient  to  use  a  constant  battery,  and  to  keep  both  keys 
down  during  the  whole  course  of  the  experiment  and  for  some  time 
preriously.  Both  methods  were  employed  for  most  of  the  liquids 
examined,  and  no  difEerence  was  detected  in  the  results.  The  tem- 
pontare  of  the  platinum  wire  was  seldom  raised  as  much  as  2^  C. 
during  the  experiment,  and  consequently  the  disturbance  of  the 
bihnce  in  the  Wheatstone's  bridge  was  small.  Thus  the  current 
throngh  the  galvanometer  could  be  taken  as  directly  proportional  to 
tiie  change  in  the  resistance  of  the  platinum,  and  so  to  the  rise  in  its 
temperature. 

Immediately  subsequent  to  the  application  of  the  hot  water  there 
^^  a  decided  increase  of  the  galvanometer  reading  which  ceased 
▼^  shortly.      The  reading   then  remained  almost  stationary   for 
KTeral  minutes.     It  then  bdgan  to  increase  rapidly  and  continued  to 
nie  for  a  considerable  time,  though  the  rate  of  change  began  com- 
pifatively  soon  to   decrease.     At  first  with  the  larger  tub  it  was 
attempted  to  determine  the  interval  that  elapsed  befoi'c  the  reading 
OttBed  to  increase.     This  was,  however,  found  impracticable,  as  it 
i^ied  several  hours  to  reach  this  epoch ;  and  after  an  hour  and  a 
w  the  rate  of  change  was  so  slow  that  the  least  variation  in  the 
^peratnre  of  the  laboratory  was  sufiicient  to  upset  the  experiment. 
Sveu  with  the  smaller  apparatus  this  was  not  a  quantity  to  be  con- 
^ently  observed.     It  was  found  much  easier  to   determine  the 
^Bnch  shorter  interval  that  elapsed  before   the  platinum  wire  was 
Rising  most  rapidly  heated.     This  interval  could  also  be  expressed 
^Conveniently  by  means  of  the  mathematical  theory  in  terms  of  the 
conductivity  and  other  properties  of  the  liquid,  and  so  its  determina- 
tion was  sufficient  for  the  purpose  in  view. 
The  galvanometer  could  be  made  so  sensitive  that  with  a  .single 
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small  cell  a  deflection  exceeding  800  divisions  of-  a  millimetre 
scale  could  be  obtained  for  a  rise  of  one  degree  in  the  tempera- 
tare  of  the  platinum.  When  so  sensitive  as  this,  however,  the 
galvanometer  was  too  much  exposed  to  the  disturbing  influences 
of  adjacent  currents  or  the  movement  of  magnets  in  neighbouring 
rooms.  From  eighty  to  a  hundred  scale  divisions  to  a  degree  usually 
gave  the  best  results,  and  had  the  advantage  of  keeping  the  spot  of 
light  near  the  centre  of  the  scale  during  the  whole  experiment,  with-i! 
out  any  movement  of  the  sliding-piece.  The  sensitiveness  was  most 
easily  determined  by  finding  how  far  the  sliding-piece  on  the  bridge 
had  to  be  moved,  when  the  battery  was  on,  to  produce  a  given  change 
in  the  galvanometer  reading.  This  test  was  usually  applied  at  the 
beginning  and  end  of  each  experiment,  as  a  change  in  the  sensitive- 
ness during  the  observations  might  lead  to  erroneons  conclusions.  A 
slight  displacement  of  the  controlling  magnet  of  the  galvanometer 
may  occur  without  affecting  to  any  noticeable  extent  the  position  of 
the  zero,  and  so  without  some  such  test  as  the  above  a  change  in  the 
sensitiveness  might  escape  detection. 

Theory. 

Let  V  denote  the  temperature,  p  the  density,  c  the  specific  heat,  and 
k  the  conductivity  of  a  g^ven  liquid.  Suppose  the  liquid  to  extend 
to  infinity  in  every  direction,  and  over  the  entire  plane  a?  =  0  a 
uniform  supply  of  heat  to  be  distributed  at  a  rate  given  at  the  time  /, 
counted  from  the  first  application  of  the  heat,  by  the  function  f{t) 
per  unit  area ;  then  at  the  distance  z  from  the  plane  of  application 
the  temperature  at  time  t  is  given  by 

'  Vf  "  =  [^^cri^/(x)«^x (1) 

In  the  present  experiment  the  base  of  the  dish  answers  to  the  plane 
or  ^  0,  and  /(/•)  is  to  be  regarded  as  proportional  to  the  rate  at  which 
heat  is  conveyed  from  the  dish  to  the  liquid.  It  is  true  of  course 
that  the  liquid  exists  only  on  one  side  of  the  plane  a;  =  0,  and  does 
not  extend  to  infinity  in  any  direction.  Doubtless  the  base  of  the  tub 
tends  to  reflect  the  heat  that  has  passed  downwards  through  the 
liquid,  but  in  the  apparatus  actually  used  any  such  reflected  heat 
would  be  extremely  small,  and  only  the  most  trifling  part  of  even  this 
effect  would  show  itoelf  within  the  time  of  the  experiment.  Since 
the  length  of  the  platinum  wire  was  much  less  than  the  diameter  of 
the  dish,  which  was  in  turn  considerably  less  than  that  of  the  tub, 
the  limitation  in  the  horizontal  direction  would  appear  of  small  oonse- 
quence.  In  fact  when  a  larger  quantity  of  hot  water  than  was  usually 
employed  was  poured  into  the  dish,  a  delicate  thermometer  indicated 
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ft  temperature  in  the  liquid  that  was  sensihly  constant  at  a  constant 
depth  except  close  to  the  sides  of  the  tub.  The  abseuce  of  liquid  on 
ihe  oegative  side  of  the  plane  x  :^  0  might  appear  a  radical  defect.  It 
•  is  dear,  however,  that  in  the  supposed  infinite  liquid  ^(0  will  pass 
into  the  liquid  on  each  side  of  this  plane,  and  the  existence  of  the 
liquid  on  the  one  side  merely  ensures  that  ^(0  ^^  ^^^  precise 
amonnt  passing  into  the  liquid  on  the  other  side.  But  the  law  of 
diffiuion  on  either  side  of  the  plane  can  depend  only  on  the  heat 
•applied  to  that  plane,  and  must  be  independent  of  the  precise 
Mchaoism  by  which  the  supply  is  regulated.  For  our  present 
purpose  it  is  sufficient  to  know  that  f(i)  is  proportional  to  the  rate  at 
ivhich  heat  passes  into  the  liquid  from  the  dish,  which  may  be  de- 
termined by  a  double  observation  as  follows. 

The  tub  being  filled  with  liquid  up  to  the  level  of  the  dish,  a  certain 
qnaoiity  of  water  heated  to  a  definite  temperature  is  suddenly  poured 
iuto  the  dish.  By  means  of  a  watch,  and  a  delicate  thermometer, 
niied  initially  to  the  temperature  of  the  heated  water  and  with  it 
traitfferred  to  the  dish,  the  law  of  cooling  of  the  water  is  determined. 
The  quantity  of  heat  lost  by  the  dish  per  unit  of  time  at  any  required 
temperature  can  be  easily  deduced.  If  now  the  dish  be  placed  on  a 
non-conducting  material,  and  the  law  of  cooling  be  observed  when 
the  other  circumstances  are  the  same  as  before,  the  qoantity  of  heat 
which  leaves  the  dish  per  unit  time  in  the  first  experiment  without 
pftMmg  into  the  tub  is  at  once  obtained  for  the  whole  range  of  tem- 
perature. From  these  two  experiments  it  is  not  difficult  to  calculate 
the  amount  of  heat  passing  into  the  liquid  in  the  tub  at  every 
instant  in  that  form  of  the  experiment  in  which  the  water  poured 
into  the  dish  was  left  there.  When  a  siphon  was  employed  the 
capacity  for  heat  of  the  water  left  in  the  dish  and  the  dish  itself  was 
BO  imall  that  the  heat  subsequently  transferred  to  the  liquid  was 
negligible. 

To  a  clear  understanding  of  the  use  of  (1)  some  knowledge  of 
the  expression  tr^-'^p^l^^  is  desirable.  This  is  proportional  to  the 
temperature  existing  at  a  depth  x  in  an  infinite  liquid,  originally  at 
lero  temperature,  at  a  time  t  subsequent  to  the  application  over  the 
entire  plane  a;  =  0  of  a  unit  of  heat  per  unit  of  area.  The  first  and 
second  differential  coefficients  of  the  above  expression  are  re- 
■pectively — 

\  4k      2/ 

-     '-"•-*""{j"-'^#K^)'}- 

Thus  the  temperature  at  depth  a;,   counted  from  the  plane  a;  =  0, 
SUdiiaUy  commences  to  rise  and  continues  to   do   so  for  a  time 
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i  =  x^f»c/2hj  after  whicb  it  steadily  &ll8.  The  times  at  whioh  th^ 
increase  and  decrease  are  fastest  are  respectirely  the  smaller  and  ih^v 
greater  root  of  the  quadratic  equation 

j'-'t'H^)' = »■ (.a 

and  are  approximately         'OQl/  -~, (« "^ 

and  •908?!l^        (4«l 

Supposing  it  were  possible  suddenly  to  supply  a  quantity  of  hea.^; 
to  the  surface  of  tho  liquid  in  the  tub  and  to  ensure  that  no  oom^ 
mensurable  quantity  was  subsequently  gained  or  lost,  an  obserraKo v  ^ 
of  the  time  at  which  the  temperature  at  a  g^ven  depth  was  risin^^ 
fastest,  or  was  stationary,  would  enable  A;  to  be  determined  at  once. 

In  the  actual  case  the  problem  is  more  complex  as  ^x)>  thongT^ 
diminishing  rapidly  as  x  increases,  is  different  from  sero ;  tlL^m 
principle  however  is  practically  unchanged.  By  difEerentiation  w^* 
obtain  from  (1) 

+ terms  at  the  limits. (5) 

Now  when  t  is  moderately  large  the  terms  at  the  limits  may  be 
neglected.  This  follows  from  a  consideration  either  of  the  mathematical 
form  or  the  physical  meaning  of  those  terms.  They  are  proportional, 
one  to  the  temperature  instantaneously  produced  at  the  depth  x  at  the 
time  t  by  the  heat  at  that  instant  passing  into  the  liquid  from  the 
dish,  and  the  other  to  the  rate  of  change  of  this  instantaneous  effect. 
Now  even  when  heat  is  being  very  rapidly  communicated  to  the 
liquid,  as  at  the  commencement  of  the  experiment,  the  rise  in  tem- 
perature due  to  conduction  at  a  moderate  depth  is  for  a  minute  or 
two  insignificant.  Thus  when  the  heat  is  being  communicated  very 
slowly,  as  is  the  case  at  tho  time  at  which  we  shall  employ  (5),  the 
terms  at  the  limits  are  for  all  practical  purposes  negligible. 

When  the  temperature  of  the  liquid  at  depth  x  is  rising  most 
rapidly,  dvjdt  is  a  maximum,  and  so  c^vjdfi  =  0.  From  the  above 
reasoning  it  follows  that  the  time  in  question  must  satisfy  the 
equation — 

0  =  I  V(x)a-x)-»'' «-"'"«<'-«'>  {l(<-x)'-3^(<-x) 


<W'- 


(6) 


Conduction  of  Seat  in  Liquids.  37 

This  equation  caBBot  be  ezaeUj  solyed,  bat  an  approximate  solution 
of  sufficient  aconracy  can  be  obtained.  This  gives  ^  as  a  function  of 
*»  f^  e^  and  k ;  but  t  is  determined  from  the  galvanometer  readings, 

and  Xf  Pf  and  c  can  be  otherwise  determiued,  thus  A;  is  at  once 

obtainable. 

With  the  smaller  apparatus,  when  the  dish  remained  unemptied, 

the  value  of  t^  when  water  was  in  the  tub,  exceeded  ten  minutes,  and 

for  nearly  all  other  liquids  it  is    greater.     The    integral  can  be 

x^placed  bj  the  summation — 

....    (7) 

where  Qr  is  proportional  to  the  heat  transmitted  to  the  liquid  daring 

tKe  interval  t,  and  t  —  x^  ^^®  ^^^^  between  the  middle  of  this 

interval  and  the  epoch  of  swiftest  rise  of  temperature.     It  is  not 

necessary  to  take  t  the  same  throughout ;  thus  at  the  beginning  of 

the  experiment  when/(^)  varies  rapidly,  t  must  be  taken  smaller 

than  subsequently.     The  terms  in  the  sammation  answering  to  the 

list  few  minutes  of  the  experiment  are  always  very  smalL 

When  the  water  was  siphoned  from  the  dish,  any  gain  or  loss  of 
Wt  through  the  dish  subsequent  to  the  operation  was  very  small 
ouapared  to  that  given  up  to  the  liquid  previously.  Thus  no  serious 
error  will  be  introduced  by  supposing  ^^)  =  0  after  the  siphoning. 

It  will  be  observed  that  what  the  galvanometer  readings  give  is 
tbe  time  .when  the  platinum  wire  is  heating  fastest,  while  the  equa- 
tion gives  this  epoc^  for  the  liquid  at  the  same  depth  as  the  wire. 
Siaoe  the  temperatures  of  the  media  are  changing  very  slowly,  it  is 
Kiroely  conceivable  that  they  could  differ  by  a  finite  quantity,  or 
thst  their  rates  of  change  should  not  be  practically  alike.  The 
imunption  made  in  the  present  method  is  of  a  totally  different  order 
hom  that  made  by  previous  observers  dealing  with  thin  layers  of 
Uqiid.  Their  assumptions  would  be  equalled  only  by  supposing 
the  dish  and  the  liquid  touching  it  to  be  always  identical  in 
teoiperatnre. 

Theoretically  the  absolute  quantity  of  heat  initially  given  to  the 
diik  is  of  no  importance,  except  in  so  far  as  it  modifies  the  rate  at 
vliieh  heat  is  subsequently  communicated  to  the  liquid.  Experir 
Qoitally  it  was  found  that  both  the  quantity  and  the  temperature  of 
^  water  poured  into  the  dish  could  be  varied  to  a  considerable 
extent  without  sensibly  altering  the  epoch  of  quickest  rise  of  tempe- 
ntoreb  When  the  water  waa  siphoned  the  initial  quantity  of  heat 
VII  of  still  less  importance.  With  most  liquids,  however,  the  water 
vu  hsaited  to  a  fixed  temperature^  vis.»  75''  C,  and  i^  me^wx^ 
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qaantitj  was  ponred  into  the  dish.    With  bisulphide  of  carbon  at 
course  a  mnch  lower  temperature  was  employed,  bat  even  then  it:: 
heated  top  layer  evaporated  so  fast  as  to  affect  the  contact  of  th. 
liqnid  with  the  dish.     For  these  reasons  in   all  experiments  on  ih  * 
bisulphide  the  water  was  siphoned  out  of  the  dish. 

In  the  earlier  part  of  each  experiment  the  heat  was  of  courso  con. 
centrated  chiefly  in  the  upper  layers.  Still  as  about  an  inch  inter- 
vened between  the  dish  and  the  platinum,  the  variation  of  tempen^ 
tare  in  by  far  the  greater  portion  of  the  liquid  layer  was  comparatively 
small.  Thus  the  error  due  to  treating  the  conductivity  as  inde- 
pendent of  the  temperature  cannot  be  g^reat. 

There  are  two  possible  disturbing  agencies  which  require  comment. 
Any  difference  of  temperature  between  the  two  copper-platinum 
janctions  in  the  liquid  would  produce  a  thermoelectric  current.  Care 
was  taken,  however,  that  the  junctions  should  be  as  nearly  as 
possible  in  the  same  horizontal  plane.  At  the  depth  in  question  the 
greatest  possible  difference  between  the  temperatures  at  two  points 
differing  a  few  millimetres  in  depth  could  not  exceed  a  small  fraction 
of  one  degree.  Thus  the  thermoelectric  current,  if  existing,  mast 
have  been  very  small,  and  necessarily  its  variation,  from  which  alone 
any  error  could  arise,  must  have  been  very  trifling.  Further,  the 
neutral  point  of  copper  and  platinum  is  only  about  TO"*,  so  they  would 
under  the  circumstances  form  a  very  weak  couple. 

An  attempt  was  in  fact  made  to  employ  a  thermoelectric  couple  of 
iron  and  lead,  whose  neatral  point  is  over  350°,  one  junction  being  in 
the  liquid  and  the  other  maintained  at  a  constant  temperature.  This, 
however,  failed  completely,  owing  to  want  of  sensitiveness.  Thas 
there  are  various  d  priori  grounds  for  neglecting  the  thermoelectric 
effect  in  the  actual  experiment.  This  view  was  further  justified  by 
actual  trial,  first  by  finding  the  deflection  that  followed  when  one  of 
the  junctions  was  suddenly  heated  to  a  considerable  temperature, 
second  by  cutting  out  the  battery  during  the  usual  experiment,  and 
observing  whether  shunting  the  platinum  wire  affected  the  galvano- 
meter. Finally,  in  the  various  experiments  on  any  one  liquid  the 
battery  current  traversed  the  platinum  wire  sometimes  in  one  direc- 
tion sometimes  in  the  other;  and  thus  any  possible  thermoelectric 
effect  must  have  tended  sometimes  to  increase  and  sometimes  tc 
diminish  the  rate  of  variation  of  the  galvanometer  reading.  Thf 
small  variation  in  the  observed  times  of  most  rapid  variation  is  thai 
sufficient  proof  of  the  small  disturbing  action  of  the  thermoelectric 
effect,  and  the  variation  in  the  direction  of  the  battery  current  would 
further  tend  to  eliminate  any  such  small  effect  if  existent. 

Another  disturbing  cause  existed  in  the  case  of  the  sulphuric  acid 
solutions.  These  conducted  electrolytically,  and  also  attacked  the 
copper  wires.     By  covering  these  wires  with  shellac  varnish  this  was 
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pT^erenied.    With  the  weaker  solutions  a  slight  coating  was  sufficient, 
but  ?riih  the  stronger  it  had  to  be  frequently  renewed. 

In  the  cooling  experiments,  if  we  sappose  the  mass  of  water  in 
tlie  dish  to  remain  constant,  the  rate  at  which  the  thermometer  falls 
at  any  instant  is  directly  proportional  to  the  rate  at  which  heat  is 
leayiog  the  dish.  Of  this  heat  some  passes  into  the  material  below 
the  dish,  and  some  is  lost  by  radiation  from  the  water  and  the  sides 
of  the  dish.  The  material  on  which  the  cooling  was  slowest  was 
packing,  and  the  heat  given  np  to  it  seemed  very  small.  Of  this  by 
&r  the  greater  part  occurred  in  the  first  minute,  and  this  is  precisely 
the  time  when  a  small  error  in  calculating  the  heat  given  to  the  liquid 
in  the  experiments  on  conductivity  is  of  least  importance.  Thus  in 
de&nlt  of  more  accurate  knowledge,  the  loss  of  heat  by  the  dish  when 
OB  packing  was  taken  as  representing  the  loss  by  radiation  when  on 
s  liquid.  Since  the  absolute  amount  of  heat  given  to  the  liquid  is 
not  required,  but  only  the  ratio  of  the  quantities  g^ven  up  for  each 
minnte  or  half  minute  of  the  experiment,  absolutely  no  error  would 
be  introduced  by  neglecting  the  conductivity  of  the  packing,  pro- 
Tided  the  heat  passing  into  the  packing  followed  the  same  law  as  that 
paeaiDg  into  the  liquid. 

The  liquids  whose  conductivities  were  determined  are  water,  sul- 
phnric  acid  solutions  of  various  strengths,  bisulphide  of  carbon,  one 
idation  of  methylated  spirit,  paraffin,  and  turpentine  oils.  For  water, 
ineihjlated  spirit,  and  paraffin  two  series  of  observations  were  made, 
the  water  being  ^iphoned  from  the  dish  in  one  case,  and  lefl  in  the 
other.  In  the  case  of  turpentine  no  observations  were  made  with  the 
water  siphoned.  For  the  sulphuric  acid  solutions  and  the  bisulphide 
of  carbon  the  siphon  was  always  used.  It  was  found  that  the  con- 
doctivity  and  the  rate  of  cooling  of  the  dish  were  nearly  independent 
of  the  strength  of  the  sulphuric  acid  solution,  and  differed  little  from 
the  oorresponding  quantities  for  water.  The  law  of  cooling  on  bisul- 
phide of  carbon  also  closely  resembled  that  on  water.  The  relative 
oradactiyities  of  these  liquids  would  thus  in  all  probability  be  most 
ooRectly  obtained  by  referring  them  to  the  value  obtained  for  water 
hj  the  method  employing  the  siphon.  The  following  table  gives  the 
quantity  of  heat  given  up  to  the  liquids  in  consecutive  minutes  or 
half  minutes  of  the  experiment,  so  far  as  is  required  in  calculating 
the  conductivity.  The  unit  employed  is  arbitrary,  but  is  the  same 
throughout: — 
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Table  I. 


Solphu 

add  BO 

tion, 

densit 

Time  in 
minutes. 

Water. 

Methylated 
spirit. 

Paraffin 
oiL 

Turpen- 
tine oil. 

BiBul. 

phide  of 

carbon. 

1-2. 

0-i 

606 

416 

133 

170 

510 

587 

i—  1 

886 

827 

186 

187 

270 

422 

1-li 

241 

157 

110 

98 

80 

250 

U-2 

185 

119 

79 

67 

2-  3 

255 

170 

100-7 

82 

8—  4 

181 

100 

72-1 

48 

4—  5 

188 

79 

50*2 

82 

6—  6 

112 

67 

34*4 

22-6 

6—7 

92 

53 

28-4 

16*6 

7—  8 

74 

88 

17  0 

6-8 

8—9 

64 

26  * 

13-8 

'7 

9—10 

58 

21 

11-5 

10—11 

•  • 

18 

7-8 

11-^12 

•  t 

16 

6  7 

12—13 

•  t 

15 

•  • 

18— U 

•  • 

•  • 

. . 

The  times  required  for  the  dish  to  oool  from  7^"  to  30''  on  wi 
and  on  the  snlphurio  acid  solution  were  almost  identical.    Exclac 
the  first  half  minute,  the  cooling  on  the  solution  was  slightlj 
decidedly  faster  for  the  first  half  of  the  period.     In'  the  bisulphid 
carbon  the  experiment  was  made  at  a  much  lower  temperature,  wl 
accounts  for  the  comparatively  small  quantity  of  heat  given  to 
liquid  in   the  third  half  minute.       In  fact|  considering  the  so 
temperature  excess   the   rate  at  which  the  dish  lost  heat  on 
bisulphide  was  initially  extremely  rapid.     On  turpentine  for  the  i 
few  minutes  the  loss  of  heat  was  much  faster  than  on  packing ; 
rates  then  began  to  approach,  and  after  the  first  nine  minutes  cc 
not  with  certainty  be  said  to  difier.     This  coincidence  lasted  for 
next  five  minutes  or  more,  during  which  the  observations  were  c 
tinned.     Excluding  the  first  minute,  the  cooling  on  turpentine 
veiy  decidedly  slower  than  on  any  other  liquid.     This  is  due  to 
low  conducting  power  and  small  specific  heat  of  the  liquid,  in  vii 
of  which  the  top  layer  soon  became  a  sort  of  barrier  to  the  pene 
tion  of  the  heat. 

The  following  table  gives  the  density  p,  and  specific  heat,  c,  of 
liquids,  and  the  time,  t,  in  minutes,  after  the  heatiug  commeo 
before  the  temperature  of  the  platinum  wire  was  rising  fastest :— < 
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Table  II, 

1 

Liquid. 

P- 

0. 

P<?. 

t. 

Water 

siphoiMd, 

Water  not 
•iphonad. 

fit» 

1-0 

1-054 

11 

1-14 

118 

1*276 

0*849 

0*803 

0*876 

10 

0-935 

0-877 

0-843 

0*802 

0*247 

0-675 

0-50 

0*48 

1-0 

0*986 

0*965 

0-961 

0-946 

0*315 

0*578 

0*401 

0-876 

9-0 

8-76 

8-5 

8-5 

8-26 

6-65 

10-75 

10-26 

.  • 

10*7 

13*2 

12-26 

14-6 

<Uflwiic  acid  Mlation  . , .  • 

XMjm                                    •  t   •  • 
J^O*                                     •  •    •  • 

Do.               .... 

fiinlphide  of  carbon 

Kiihjlatod  ipirit  

Pmffin  oil 

TtfuiUiDe  oiL 

In  each  case  the  density  was  taken  with  a  hydrometer  at  or  near 
the  temperatare  of  the  experiment,  and  the  specific  heats  are  taken 
<ii«ctly  from  '  Watte'  Dictionary  of  Chemistry,*  or  obtained  by  inter- 
pcdataon  from  tables  given  there.  In  the  case  of  the  last  three  liquids 
^  specific  heat  was  also  obtained  experimentally,  as  these  liqnids 
niy  tomewhat  in  composition.  The  results  so  obtained  were  somco 
what  rough,  but  were  sufficiently  good  to  aet  as  a  check  on  the 
▼sines  taken.  Small  errors  in  the  specific  heat  are  not  of  much  im- 
portance, as  the  probable  error  in  the  experiments  on  the  conductiyity 
UQonnts  to  at  least  several  per  cent,  of  the  numbers  taken.  Further, 
^  mean  temperature  to  which  the  conductivity  should  be  referred  is 
^  a  somewhat  doubtful  matter. 

The  introduction  of  small  impurities  in  the  liquids  did  not  appre- 
ciably slter  t.  For  instance,  small  quantities  of  salt  were  put  into 
the  methylated  spirit,  and  small  quantities  of  the  latter  into  water 
without  producing  any  apparent  effect.  It  would  thus  appear  that 
^e  absolute  purity  of  the  liquids  used  is  not  of  much  consequence. 
Caie  waSy  however,  taken  to  keep  them  as  pure  as  possible,  the  bisul- 
phUe  of  carbon  in  particular  being  redistilled  before  use. 

In  every  case  the  value  t  is  the  mean  of  a  good  many  experiments, 
tad,  as  a  rule,  the  individual  experiments  agreed  well  together.  Thus, 
when  the  siphon  was  not  used  the  values  obtained  for  t  varied  from 
10*3  to  11  for  water,  from  12*76  to  14  for  methylated  spirit,  and  from 
I4r25  to  15  for  turpentine.  When  the  siphon  was  used  the  extreme 
ditferenees  in  the  numbers  obtained  for  t  were  about  as  large  as  in  the 
other  method,  and  thus  the  agreement  between  the  experiments  was 
really  not  qnite  so  good.  This  was  only  to  be  expected,  as  there  was 
neeenarily  some  slight  vanation  in  the  time  taken  to  siphon  and  in 
the  fvfiilt  of  the  operation. 
la  obtainiiy  a  mean  ralu%  Car  i  the  following  metYviA.  'W^A  ^o^Vi^ 
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— A  table  was  formed  giving  the  increase  in  the  galvanometer  read — 
ings  for  each  minnte  of  each  experiment.  If  there  had  been  mncli^ 
variation  in  the  sensitiveness  of  the  galvanometer,  the  numbers  obtained 
from  each  experiment  were  multiplied  bj  a  number  varying  inverseljai 
as  the  total  increase  in  the  readings  during  the  fifteen  minutes  of  thai^ 
experiment  subsequent  to  the  application  of  the  heat.  The  numbere- 
for  each  minute  were  then  added  together,  and  the  sum  gave  thmm. 
mean  rate  of  heating  for  the  minute  in  question.  From  these  rate*'? 
the  time  of  fastest  heating  could  be  easily  calculated,  or  could 
obtained  graphically  by  constructing  the  curve  whose  abscisssB 
the  times  elapsed  sinee  the  heating,  and  whose  ordinates  were  propo: 
tional  to  the  rates  of  heating. 

It  will  be  best  to  consider  first  the  experiments  in  which  the  wai 
was  siphoned  from  the  dish,  as  the  arithmetic  required  to  obtain 
conductivity  from  the  equation  (7)  is  then  comparatively  simple, 
is  assumed  that  the  heat  passed  into  the  liquid  for  the  first  three  halfc^ 
minutes  according  to  the  law  given  in  Table  I,  and  that  subseqaentl  M. 
no  heat  at  all  was  either  given  or  lost  through  the  dish.  As  it  too^ 
some  time  to  perform  the  siphoning,  and  there  were  no  doubt  sligl^ 
variations  in  the  small  quantity  of  water  left  in  the  dish,  the  above  r 
only  approximately  true,  but  the  multiplication  of  the  observatioi^c 
would  tend  to  eliminate  the  errors. 

If  a^pcjik  be  denoted  by  X,  then  from  (7)  and  Table  I,  since  t  s  ^% 
we  have  for  water — 

606(8-75)-»'^  e-V8-76|x2-|X(875)  4-}(876)«} 
+386(8-25)-9/2e-^/8-25{X2-fX(8-26)  +  }(8-25)2} 
+  241(7-75)-»/'2e-XA-75{X3-JX(775)+|(7-75)»}  =  0. 

From  this  equation  X  must  be  obtained  by  trial.  If  U  stand  for 
the  left-hand  side  of  the  equation,  it  will  be  found  that  the  oorre- 
spending  values  of  X  and  U  are  as  follows : — 

X.  U. 

22  ~88-6xl0-» 

227 -  8-5xl0-» 

22-8  4-  1    xlO-« 

The  value  of  U  is  best  found  by  considering  the  logarithm  of  the 
several  lines  in  succession.  The  following  are  the  values  of  tlieee 
lines : — 

X.  First  line  of  U.  Second  line.  Third  line. 

22  ....  -101-8 xlO"-»  ....  -127  xlO-3  ..,.  +259  xlO-» 
227.  ..  -  60-5x10-3  ....  +10-21x10-3  ....  +4177xl0-» 
228 -  55-1  x  10-8  ....   +12-05 xlO-«  ....  +44-05 xlO-< 
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^rom  tiie  yalaes  of  U  a  verj  close  approximation  to  X  may  be 
obtuned  by  Maelanrin's  tbeorem,  wbioh  gives  X  s  22*79.  Tbis  is  a 
much  closer  degpree  of  approximation  tban  is  at  all  necessary,  con- 
nderiog  the  possible  size  of  the  experimental  errors. 

Since  x  =  depth  of  wire  =  2 '61  cm., 

we  get  finallyi  the  nnitu  being  centimetre  and  minute, 

6-8121 


h  =z 


9116 


=  0-0747, 

This  corresponds  to  a  temperature  of  about  18^  C. 

The  law  of  cooling  of  the  dish  on  sulphuric  acid  solutions  so  nearly 
I'eseinbled  that  on  water,  that  it  will  be  sufficient  to  take  the  results 
given  in  Table  I  for  a  solution  of  density  1*2,  and  combine  them  with 
the  corresponding  results  for  water  in  a  ratio  proportionate  to  the 
strength  of  the  intermediate  solution.  We  thus  obtain  as  propor- 
tional to  the  heat  given  to  the  liquid  in  the  first  three  half -minutes 
the  following  values : — 

First  half-  Second  half-  Third  half- 

Bemity  of  folation.         ininutc.  minute.  minute. 

1054 601 31)6 243 

111    696 404 245 

114    593 411  247 

118    589 418 249 

Employing  IT  and  X  in  the  same  sense  as  for  water,  it  will  be 
foand,  precisely  as  in  the  previous  case,  that  the  following  results  are 
trne  for  the  various  solutions.  The  last  column  gives  the  temperature 
to  which  the  conductivity  belongs. 

Table  III. 


DenritT 

of 
lolntion. 


1 
1 


064 


10 
18 


22  0 
221 
22-2 

21-4 
21*6 

21*4 
21*6 

20-6 
20*8 


U. 


/ 


-10- 
+  10- 
+  10- 

-10- 
+  10- 

-10- 
+  10- 

-10- 
+  10- 


X12-4 
X   0*64 
xl3'58 

X    2 
x28*4 

X    1 
x29*6 

xI7 

xl6 


Mean 

value  of 

U. 


22  095 


21-413 


21-407 


20*703 


k. 


0-0769 


0-0767 


0-0766 


0-0778 


Temperature, 
centigrade. 


I 


\ 


20^ 


20i 


19} 


21 


\ 
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Neither  the  method  nor  the  theory  is  so  extremely  acQomte  Hkm 
any  value  can  be  attached  to  the  third  signifioant  figure  ift  the  Y$l^ 
for  Jfi  in  assigning  absolute  values  for  the  conductivity.    In  aettgiUB 
relative  values,  the  third  figure  would  have  some  weight  in  liqaida  ixm 
which  the  heat  was  applied  so  similarlj  as  in  the  case  of  water  and 
the  above  solutions.     Since,  however,  the  temperatures  of  the  experi- 
ments were  not.  identical,  and  the  conductivity  nnqueeiionably  in« 
creases  with  the  temperature,  it  would  probably  be  unsafe  to  deduce 
from  the  above  numbers  any  more  precise  conclusion  than  that  the 
prescDce  of  a  very  considerable  quantity  of  sulphuric  acid  produces 
an  extremely  small  change  in  the  conductivity  for  heat  of  water. 

It  might  also  be  considered  almost  certain  that  the  time  at  whioh 
the  temperature  was  rising  fastest  diminished  as  the  density  of  the 
solution  increased.  This  signifies  that  the  velocity  with  which  heat- 
waves travel,  or  the  temperature  ccnduciivity  of  Weber,  is  greater  the 
stronger  the  solution.  The  liquid  in  the  tub  in  these  experiments 
was  in  general  stirred  up  fifteen  minutes  after  the  heat  had  becm 
applied.  It  is  pretty  obvious  that  the  ratio  of  the  galvanometer 
reading  after  the  stirring  to  that  before  should  diminish  mb  the 
temperature  conductivity  increases.  The  ratios  so  obtained  for  water 
and  the  above  solutions  were  in  order,  1*36, 1'34,  1*32, 1*28  and  1*23. 

No  very  great  accuracy  can  be  claimed  for  these  -numbers  as  the 
determination  was  somewhat  rough,  but  as  independent  evidence  of 
the  truth  of  the  above  statement  as  to  the  temperature  conductivity 
they  are  of  considerable  weight. 

For  bisulphide  of  carbon,  methylated  spirit,  and  paraffin  oil,  Uie 
values  from  Tables  I  and  II  substituted  in  equation  (7)  lead  to  the 
following  results : — 


Table  IV. 


Liquid. 

X. 

U. 

Mean 

value 
of  X. 

k. 

I 
Mean 
tempera* 
tuie. 

Bisulphide  of  carbon. 

Methylated  spirit. . . . 
Paraffin  oil 

16-6 
16-6 
16-7 

27-6 
27-6 

26-8 
26  0 

• 

-10-<x36  16 
- 10-*  X  15 
+  10-^x   9-26 

-10-*  X  26-5 
- 10-*  X  13  -8 

- 10-*  X  18  -fiff 
+ 10-*  X  26  -66 

16*66 

27-666 
26-88 

0*0822 

00864 
0  0264 

164^      : 

m 

19 

There  still  remain  to  be  considered  the  experiments  in  which  the 
water  was  not  siphoned  from  the  dish.    As  an  example  of  the  ap- 
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plication  of  (7),  ife  msj  be  ai  well  to  give  its  form  for  one  of  the 
iiqoidi.  The  following  equation  is  for  the  methylated  spirit,  X  being 
=  ^fcjitlt  as  previonslj. 

4l6(12-95)-»>^  6-^2^{X«-3X(12-95) +}(12-95)«} 
+ 827(12-45) -•/«  e-3[/i«-«{X«-3X(12-45)  +  i(12-45)«} 
-fl57(ll-95)-»/«6-x/ii«{X«-3X(ll-95)+|(ll-95)«} 
+119(ll-45)-«^  6-3t/"«{X«-3X(ll-4i6)  +i(ll-45)«} 
•fl70(107)-»/»  0-^»o-7{x«-3X(lO7)  +f  (107)3} 
-fl00(97)-»/2  6-^-7(x8-3X(97) +1(97)2} 
+  79(87)-»/2fl-^'7(x«-3X(87)  +  }(87)2} 
+  67(77)-^  0-3^-7{xs-3X(77)+f  (77)8} 
+  58(6  7)-»/^  «-x/8-7{X3-3X(67)+f  (67)2} 
+  38(57)-»/2e-^;7jx2-3X(67)+}C57)2} 
+  26(47)-M  e-^-»{X«^8X(47)  +1(47)3} 
+  21(37)-»/2  e-x/»'7{X8-3X(3-7)  +f  (37)«} 
+  18(27)-»/«  e-^'7{X3-3X(27)  +  f  (27)3} 
+  16(17)-*/«6-^-7{X3-3X(17) +1(17)3} 
+  15(7)-*/2e-^-7{X3-3X(7) +1(7)3}  =  0. 

Tbe  aolation  must  of  oonrse  be  obtained  by  trial,  but  it  is  compara- 
tireljeasy  to  form  a  pretty  accurate  idea  of  its  value  from  considering 
the  ralae  of  the  coefficients  in  square  brackets.  Farther,  when  a 
lohitioQ  has  been  obtained  for  one  equation,  its  magnitude  enables  an 
idea  of  the  magnitude  of  the  solutions  of  the  other  similar  equations 
to  be  readily  obtained.  The  necessary  arithmetic  is  best  performed 
by  finding  the  value  of  each  line  of  the  left-hand  side  separately  by 
inwDs  of  logarithms.  The  first  four  or  five  lines  will  in  each  case  bo 
Qegative,  and  the  rest  positive.  The  last  two  lines  at  least  will  be 
Iband  extmnely  small.  The  following  table,  in  which  the  letters 
Weitheir  previous  significations,  gives  the  results  obtained : — 
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Table  V. 


Liquid. 

X. 

• 

Mean 

value  of 

X. 

*, 

Tempen 
ture. 

Water  . , . .  • 

21 
22 

27 
28 

25 
25  1 
26 

33 
34 

+  10-»x    13-4 
+ 10-»  X  149  -1 

-10-»x    67*45 
-10-»x      8-3 

- 10-»  X      1  -04 
+ 10-»  X      2  -52 
-i-lU-'x    80-28 

-10-»x    12-36 
+  10-»x      1-97 

20-9 
28  17 

25  029 

33-86 

0-0615 
0  0346 

0-0273 

0-0189 

Methylated  spirit. . . . 
Paraffin  oil 

19|* 
18 

Turpantine  oil 

20 
18 

As  an  example  of  the  arithmetical  results  and  the  valne  of  si 
cessive  lines  of  U,  it  will  be  as  well  to  take  as  an  example  the  resn 
in  the  case  of  methylated  spirit,  which  are  embodied  in  the  followi 
table : — 

Table  VI. 


Number  of 
line. 

X  -  27. 

X  -  28. 

1 

-10-«x  99223 

-10-^x  84211 

2 

71974 

69285 

8 

30661 

24104 

4 

19882 

14098 

5 

16479 

8377 

6 

+  10-«x    3110 

+  10-«x   8048 

7 

17016 

20528 

8 

80864 

32878 

9 

89736 

39667 

10 

38564 

86556 

11 

28695 

25796 

12 

17346 

14560 

13 

4827 

8636 

14 

109 

67 

15 

10-"  X         1 

10-»x         2 

Taking  into   consideration   the  nature   of  the   investigation,   t 
agreement  between  the  results  obtained  bj  the  two  methods  seems 
the  whole  satisfactory.     In  the  case  of  methylated  spirit  and  paral 
oil,  the  agreement  could  hardly  be  closer,  and  the  fact  that  it  is 
good  must  indeed   in  considerable  measure  be  a  pure  matter 
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chance,  In  tbe  case  of  water,  tbere  is  a  decided  though  not  very 
serioQB  discrepancy.  The  difference  in  the  mean  temperature  of  the 
two  experiments  could  account  for  only  a  small  part  of  this.  The 
eiperiments  on  water  were  the  earliest  in  which  the  siphon  was  used, 
tnd  the  operation  took  slightly  longer  and  its  res  alts  were  not  qaite 
M  uniform  as  in  later  experiments.  Farther,  when  no  siphoning 
took  place,  the  heat  passing  into  the  liquid  at  the  end  of  the  expe- 
riment was  much  larger  in  the  case  of  water  than  for  the  other 
liquids,  and  the  terms  at  the  limits  in  (5)  woald  thus  be  of  slightly 
greater  importance  for  water  than  for  the  others.  Also  an  en*or  of 
given  amoant  in  the  experimental  determination  of  the  time  of  most 
lipid  heating  would  produce  the  great'Cr  effect  the  shorter  the  time, 
tnd  would  thus  modify  the  results  for  water  more  than  for  any  other 
of  the  liquids,  except  bisulphide  of  carbon.  Thus  it  was  only  to  be 
expected  that  the  greatest  discrepancy  between  the  results  of  the 
two  methods  should  occur  in  water. 

With  the  lai'ger  apparatus  results  were  obtained  for  water  and 
methylated  spirit,  of  the  same  constitution  as  in  the  experiments 
i^lnady  described,  which,  though  not  pretending  to  great  accuracy, 
nay  he  of  interest  as  independent  evidence  of  the  correctness  in  the 
main  of  the  theory.  For  the  intervals  in  minutes  that  elapsed  after 
the  application  of  the  heat  before  the  temperature  of  the  wire  was 
riling  fastest,  the  mean  of  several  experiments  gave  52^  for  water,  67^ 
^  the  spirit.  The  water  was  left  undisturbed  in  the  dish,  and  no 
locorate  observations  of  the  rate  of  cooling  were  made.  It  was  noticed, 
however,  that  the  dish  parted  rapidly  with  its  heat,  and  being  only 
■Hghtly  deeper  than  the  dish  in  the  small  apparatus,  it  is  pretty  clear 
that  by  far  the  greater  part  of  the  heat  was  given  to  the  liquid  in  the 
tnh  in  the  first  few  minutes.  Thus  the  experiment  would  be  pretty 
moch  akin  to  the  case  when  the  water  was  siphoned  in  the  smaller 
ipparatus.  Though  ignorant  of  the  law  of  cooling,  we  can  thus  obtain 
i&  inferior  limit  to  the  conductivity,  of  a  moderately  close  kind,  by 
apposing  the  heat  to  have  been  instantaneously  communicated.  This 
gireifrom  expression  (3),  viz.,  k  =  0'09l7a^pclty  for  water  k  =  00730, 
ind  for  methylated  spirit  k  =  0'0324,  corresponding  to  temperatures 
<tf  about  18^  C.  These  results  as  being  essentially  inferior  limits, 
>gree  fairly  with  those  of  the  smaller  apparatus. 

On  the  whole,  the  results  of  this  series  of  experiments  resemble 
thoie  obtained  by  Herr  Weber.*  The  values  obtained  for  the  con- 
doctivity  of  water  agree  fairly  well  with  his.  The  smaller  value 
obtained  by  Weber  for  bisulphide  of  carbon,  viz.,  00250,  would  bo 
pirtlj  accounted  for  by  the  very  considerably  lower  temperature  of 
Ui  experiment*     As  this  liquid  boils  at  a  very  low  temperature,  the 

*  'Wiedcmum,  Aniialen,'  vol.  10,  pp.  108,  804^  472;    tee  ipecially  table  on 
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Irate  of  Tariation  with  the  temperature  of  its  thermal  oondactirity  i 
very  probably  much  above  the  average. 

To  reduce  the  results  of  the  present  paper  to  the  O.G.S.  BjBtem  Oi 
nnite,  it  is  only  necessary  to  divide  them  by  60. 
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Nnmerons  as  are  the  commnnications  upon  the  subject  of  rabiei, 
the  paucity  of  experimental  investigation  is  remarkable ;  the  diseaae 
has  remained  for  upwards  of  2000  years,  since  the  first  recorded 
mention  of  it  by  Aristotle,  exceedingly  obscnre  in  many  essential 
points.  The  unparalleled  and  variable  length  of  its  incubation  period 
has  ofPerod  the  greatest  obstacle  to  systematic  examination;  in  the 
words  of  John  Hunter  in  the  last  century,  "  It  has  defied  alike 
scientific  investigation  as  to  its  intimate  nature,  and  all  remedial 
measures  for  its  successful  treatment." 

Lately,  however,  the  results  announced  to  have  been  attained  by 
M.  Pasteur,  have  promised  to  remove  these  obstacles,  and  encouraged 
research  by  new  methods  and  with  fresh  views. 

This  investigation  was  commenced  early  in  1885,  during  the  preva^ 
lence  of  rabies  in  and  around  London.  Two  well-marked  casee  in 
dogs  were  obtained,  and  inoculations  with  their  saliva,  taken  both 
during  life  and  shortly  after  death,  were  made  into  the  subcutaneous 
tissue  of  other  animals,  but  failed  to  produce  infection. 

At  that  time  I  was  not  sufficiently  conversant  with  the  results  of 
M.  Pasteur's  investigations  to  place  reliance  upon  his  methods  of 
intracranial  inoculation  with  the  oerebro-spinal  substanoe  of.  a  rabid 
animal,  and  I  must  admit  that  his  statements  seemed  to  me  to  be^  im* 
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probable  and  inconBisteni  with  the  facts  which  were  previously  well 
established  in  this  disease. 

The  ontbreak  of  the  epizooty  shortly  afterwards  subsiding,  I  was 
unable  to  resume  experiments  till  the  summer  of  1886,  when  it  had 
become  necessary  to  examine  the  results  said  to  have  been  attained 
by  M.  Pasteur.    His  statements,  now  widely  known,  communicated  to 
the  Academy  of  Sciences,  Paris,  from  time  to  time,  and  published  in 
their  *  Comptes  Bendus,'  are  essentially  these:  (1)  That  the  virus  of 
^bies  and  hydrophobia  resides  in  the  cerebro-spinal  tissues,  and  is 
i^ot  confined  to  the  salivary  glands  as  hitherto  supposed.     (2)  That 
l>y  inoculation  of  this  substance  upon  the  brain  of  another  animal  by 
trephining,  or  by  intravenous  injection,  infection  follows  infallibly 
And  much  more  quickly  than  by  subcutaneous  inoculation.     (3)  That 
the  Tirus  from  a  rabid  dog  by  passing  through  a  series  of  animals  of 
i different  species  is  modified  in  virulence;  in  monkeys  it  is  attenuated 
And  ultimately  lost,  in  rabbits  on  the  contrary,  it  is  intensified,  and 
After  a  certain  number  of  inoculations  in    these  animals  reaches  a 
mazhnum,  which  it  maintains    unaltered ;    these  modifications  of 
•ctivity  being  shown  by  the  duration  of  the  incubation  period  follow- 
ing inoculation.     (4)  That  by  successive  inoculations  with  virus,  the 
tctinty  of  which  is  progressively  diminished  either  by  passing  through 
a  series  of  monkeys,  or  by  the  action  of  dry  air  upon  the  spinal  cords 
which  contain  it,  it  is  possible  to  confer  upon  dogs  and  other  animals, 
together  with  man,  immunity  against  subsequent  infection  with  the 
uoet  active  lyssic  virus. 

hi  reference  to  these  statements,  the  first  points  for  investigation 
were  now,  the  effects  produced  by  inoculation  with  the  cerebro-spinal 
nbfitance  of  a  rabid  animal  upon  the  brain  of  another,  and  whether 
the  symptoms  stated  to  be  produced  thereby  were  those  of  infective 
wbies — ^lyssa— or,  as  some  contended,  merely  a  neurosis  resulting  from 
ihe  injection  of  foreign  matter. 

hi  the  methods  adopted  in  these  experiments,  I  have  followed  those 
described  by  M.  Pasteur  in  his  published  statements,  but  for  im- 
porting to  me  many  details  of  manipulation,  I  am  greatly  indebted  to 
ftofessor  Horsley,  F.B.S.,who  learned  them  from  M.  Pasteur  himself 
in  Paris. 

n.  Methods  of  Preparaiion  and  Inocidatton  with  Virus, 

The  animal  from  which  it  is  desired  to  inoculate  having  died  or 
>)sen  killed,  a  part  of  the  spinal  cord  is  exposed,  and  the  portion 
Retired  removed,  with  precautions  against  contamination,  the  requisite 
^n*fcramente,  vessels,  and  other  apparatus  having  been  previously 
sterilised  by  the  recognised  methods;  the  medulla  is  then  carefully 
ppnnd  up  to  a  homogeneous  pulp  in  a  glass  mortar,  and  triturated 
With  the  proper  proportion  of  sterilised  beef-boaillon,  as  i^te^etWi^^Vj 

^OL  XL/XL  -b; 
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M.  Pasteur.  Salt  solution  or  any  other  indifferent  flaid  would 
donbt  answer  as  well,  bat  bouillon  has  the  great  advantage  of  showin^^ 
at  onoe  the  occnrrence  of  any  septic  change  in  the  fluid,  bj  ih^m 
tnrbiditj  which  it  occasions. 

In  order  that  the  conditions  of  experiment  might  be  strictly  similar^ 
I  have  myself  always  nsed  definite  proportions  of  cord  and  bouillon  ^ 
as  1  inch  of  the  former,  of  an  average-sized  rabbit,  weighs  abon^ 
0*8  gramme,  I  have  mixed  or  **  diluted  "  this  quantity  with  four  time^ 

its  weight  or  bulk — their  specific  gravity  being  very  nearly  the  same 

viz.,  3*2  c.c.  of  bouillon. 

In  order  to  free  the  infusion  or  "  mash  "  thus  prepared,  from  any 
portion  of  the  membranes  investing  it,  or  grosser  particles  of  itR  snh* 
stance  unreduced,  it  is  strained  through  fine  muslin,  sterilised  by 
passing  over  the  flame  of  a  spirit-lamp. 

In  the  earlier  experiments  with  rabbits,  the  animal  to  be  inoculated 
was  ansBsthetised  by  aather ;  it  was  soon  found,  however,  that  this  was 
unnecessary,  inducing  a  great  mortality,  and  being  productive  of  pain 
to  the  animal,  whilst  coming  under  and  recovering  from  the  inflaence 
of  the  drug.  I  then  used  a  solution  of  cocaine  as  a  local  ansBsthetio, 
with  apparently  satisfactory  results,  but  ultimately  fonnd  that  nothing 
whatever  is  required  beyond  the  5  per  cent,  solution  of  carbolic  acid, 
with  which,  after  clipping  the  hair  closely,  the  head  is  washed,  as  an 
antiseptic ;  if  this  is  rubbed  in  for  a  short  time,  complete  ansdsthesia 
is  produced  locally,  the  animal  in  the  large  majority  of  cases  remain- 
ing perfectly  quiet,  frequently  with  its  eyes  closed,  during  the  slight 
operation  of  trephining  and  inoculation,  and  not  requiring  confinement 
or  restraint  in  any  way,  save  by  a  hand  lightly  laid  upon  it. 

The  bone  is  then  trephined  in  the  usual  manner,  a  small  incision 
being  made  in  the  skin  and  periosteum,  a  little  behind  the  coronal 
suture,  and  on  one  side  of  the  median  line.  The  virus  is  injected  with 
a  Pravaz  syringe  either  between  the  bone  of  the  skull  and  the  dura 
mater,  or  by  perforating  the  latter  with  the  curved  point  of  the  needle 
the  requisite  quantity  is  injected  into  the  sub-dural  lymph  space. 

The  effect  of  either  method  is  much  the  same,  but  by  the  former 
the  incubation  period  is  slightly  but  appreciably  longer  than  by  the 
latter,  the  difference  being,  with  intensified  virus,  one  or  two  days. 

III.  Symptoms  and  Fost-mortem  Appearances  of  Rabies, 

1.  In  the  Dog. — These  in  the  dog  have  been  described  by  numerous 
writers  from  the  time  of  CbbHus  Aurelianus,*  nevertheless  considerable 
misapprehension  still   generally   prevails  upon   some   points.     The 

*  '  De  Morbis  Acutii  *  (Am^terdaTn,  1722).  His  account  is  short,  but  accunte  in 
mofit  points,  Mid  is  the  earliest  extant.    The  period  at  which  he  lired  it  un- 
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fiTinptoins  will  vary  in  some  respects  in  an  animal  kept  quietly  in 
oonfinemeDt  from  those  found  in  the  mad  dog  of  the  streets  that  has 
lost  its  home  and  been  hnnted  abont. 

In  mofll  cases  the  first  change  observed  is  a  dnlness  and  snllenness, 
with  an  indisposition  tu  more,  the  animal  lying  crouched  up  in  a  corner ; 
probablj  this  is  invariably  the  first  symptom,  though,  especially  in 
^ogs  at  large,  it  may  be  overlooked,  and  the  isymptoms,  or  as  some- 
times termed,  stage,  next  following  may  be  the  first  to  attract  notice. 
In  this,  a  shy  and  suspicious  or  threatening  look  is  a  most  charac* 
teristic  feature ;  the  previous  dulness  is  succeeded  by  irritability  and 
constant  restlessness,  with,  usually,  a  disposition  to  fly  at  any  strange 
object  and  bite.     A  depraved  appetite  is  frequently  noticeable  in  the 
nrly  stages,  natural  food  being  most  usually  rejected,  hay  and  straw, 
bits  of  cloth,  wood  or  cinder  frequently  being  eaten.   This  is  one  of  the 
most  constant  and  best  recognised  symptoms,  though  not  absolutely 
inTariable. 

Hydrophobia,  or  dread  of  water,  is  never  present  in  the  dog ;  there 
is  sometimes  increased  thirst,  but  in  dogs  in  confinement  this  is  not 
generally  marked:  there  is  often  inability  to  swallow  from  paralysis  of 
the  muscles  of  deglutition  and  those  of  the  lower  jaw,  which  in  an  early 
stage  is  nsnally  observed  drooping,  with  inability  to  close  it,  though 
the  extent  and  duration  of  this  is  variable,  and  it  passes  off  at  a  later 
period. 

Excessive  salivation  is  not  usual ;  when  observed  it  is  in  the  hot 
weather,  and  occurs  from  loss  of  the  power  of  deglutition.  One  of 
the  most  characteristic  and  best  recogaised  symptoms,  occurring 
generally  in  an  early  stage,  is  a  remarkable  change  in  the  voice,  the 
hark  becomes  a  hollow  howl,  commencing  with  a  short  low  note  and 
ending  in  a  higher  one  prolonged ;  it  has  always  a  peculiar  metallic 
nng,  which  once  heard  cannot  be  mistaken. 

The  further  symptoms  developed  depend  chiefly  upon  the  tempera- 
Bont  of  the  animal,  modified  somewhat  as  above  remarked,  by  its  ex- 
^onial  conditions  ;  an  aggresive  disposition  is  usually  found,  bat  is  not 
mTariably  present,  though  in  an  irascible  savage  animal  it  may  realise 
the  popular  idea  of  furious  rabies,  attacking  and  tearing  everything; 
in  confinement,  however,  this  extreme  is  not  usual,  and  some  dogs  are 
^  difficulty  induced  to  bite  anything  presented  to  them,  even  a 
i^bbit  or  another  dog,  and  the  fury  said  to  be  excited  by  the  sight  of 
flatter  is  not  generally  found  in  confinement. 

The  last  stage  is  that  of  paralysis,  which,  more  or  less  developed,  is 
mnriable ;  it  commences  in  the  hind  limbs,  its  first  indication  often  is 
the  animal  standing  with  its  hind  legs  wide  apart;  when  it  moves  it  is 
unsteady,  swaying  from  side  to  side,  as  this  progresses  it  becomes 
^^i^e  to  stand,  is  ultimately  completely  paralysed,  and  comatose  in 
^6  large  majority  of  cases.     The  tail  in  confinement  ia  never  ct)i?n\e^ 
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depressed  between  the  legs,  as  is  described  by  some  of  the  earlifl 
writers  as  a  character  of  this  disease,  if  it  occurs  in  a  street  dog  it  i 
the  result  of  exhaustiou. 

It  has  been  usual  to  describe  rabies  in  the  dog  as  of  two  forms,  tb 
fnrions  and  the  dumb,  or  paralytic.  Fleming,  however,  and  othei 
of  the  best  authorities  recognise  that  there  is  no  real  distinciio' 
between  the  two,  every  case  of  rabies  probably,  if  permitted  to  run  if 
course  and  terminate  naturally  in  death,  develops  symptoms,  more  a 
less  marked,  of  paresis ;  there  is  no  constant  distinction  between  tfa 
two  forms,  the  difFei*ence  consists  merely  in  one  or  the  other  class  c 
symptoms,  rage  or  paresis,  being  the  more  preponderant,  according  t 
the  part  of  the  cerebro-spinal  system  which  is  principally  affected. 

Whatever  the  disposition  of  the  animal  may  be,  it  almost  invariabl 
recognises  its  master  or  attendant,  and  is  in  some  degree  amenable  t 
his  control  until  completely  paralysed  and  unconscious.  There  is . 
danger  in  this  featare  that  not  being  well  known  it  may  occasion  th 
presence  of  a  virulent  disease  to  be  overlooked  or  mistaken,  a 
indeed  frequently  does  happen. 

The  post-mortem  appearances  of  rabies  in  the  dog  have  freqnentl; 
been  described  as  mainly  negative,  characterised  by  the  absence  of  an; 
distinct  lesions ;  this,  however,  is  only  very  exceptionally  correct.  Ii 
animals  which  die  naturally  at  the  termination  of  the  disease,  th 
appearances  are  in  the  majority  of  cases  silfficiently  diagnostic ;  ii 
those  killed  at  an  earlier  stage,  as  necessarily  occurs  in  the  larg 
majority  of  cases  of  '*  street  rabies,'*  the  condition  of  the  stomach  a 
to  its  contents  may  be  the  only  diagnostic  character. 

The  general  condition  is  frequently  wasted,  to  an  extent  dependen 
upon  the  duration  of  the  symptoms  and  the  inability  to  feed. 

The  brain  and  spinal  cord  being  now  recognised  as  the  essentis 
seat  of  the  virus,  it  is  to  the  appearances  they  present  that  attention 

is  first  directed.     In  most  cases  the  dura  mater  of  both  is  distinct! 

< 

congested,  occasionally  intensely  so ;  I  have  seen  one  case  at  least  of  \ 
street 'dog  killed  in  an  advanced  stage  of  the  disease,  where  thi 
membrane  in  a  portion  of  the  spinal  cord  received,  was  most  intensel 
congested  and  livid  In  colour.  This,  however,  is  exceptional.  The  pi 
mater  of  the  hemispheres  is  likewise  most  frequently  injected,  and  in  th 
greater  number  of  cases,  capillary  congestion  is  apparent  in  the  corte: 
in  microscopical  sections,  with  extravasation  of  lymph  cells  throng 
the  walls  of  the  vessels  and  perivascular,  lymph  spaces  into  the  sui 
rounding  tissues.  In  the  cerebellum  this  occurs  to  a  more  limitei 
extent.  It  is  by  no  means  confined  to  the  floor  of  the  4th  ventricle  a 
has  been  sometimes  stated.  Throughout  the  medulla  oblongata  it  i 
constant,  and  often  occurs  in  the  spinal  cord.  In  the  latter,  extravasa 
tion  of  red  corpuscles  or  minute  haBmorrhages  are  frequent ;  in  som 
cases  these  are  of  large  size  and  quite  apparent  to  the  unaided  eye.  Ii 
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>xm«  case  of  street  rabies,  in  a  part  of  the  cervical  portion  of  the  cord 

L   'F'oiind  this  so  extensive  as  to  obliterate  nearly  the  whole  of  the  gray 

(vmlwtance  for  some  length  of  the  cord,  the  heemorrhage  becoming  dis- 

[^ivsctly  organised,  with  the  formation  of  vessels  or  channels;  I  have 

^OYind  similar  appearances  in  other  parts  of  the  cord  in  different  cases, 

t^iit  none  so  extensive  as  this.     These  seem  to  originate  in  the  vessels 

niLnning  in  the  anterior  fissure,  iu  which  clots  forming  thrombi  are 

o£t6ii   apparent,    presenting    the    appearances    figured    by   Gowers 

C  Pathol.  Soc.  Trans.,'  vol.  28, 1876-77,  p.  10,  Ac),  though  frequently 

of  greater  extent  proportionately  to  the  size  of  the  vessel.    Extensive 

extravasation  and,  in  stained  preparations,  much  granular  matter  is 

always  apparent,  the  formation  presenting  every  appearance  of  being 

caosed  by  microparasites :  in  the  majority  of  cases  I  have  been  unable 

to  demonstrate  their  presence,  from  causes  mentioned  below,  but  in 

lome  few  sections,  as  described,  I  have  clearly  found  the  microbes  in 

tlw  pericellular  and   perivascalar    lymph   spaces,   accompanied    by 

appearances  of  embolism,  and  extravasation  in  the  capillaries  of  their 

inunediate  neighbourhood.     The  occurrence  of  these  haBmorrhages  in 

different  situations,  involving  the  roots  of  different  sets  of  spinal 

nerves,  will  obviously  affect  the  symptoms  of  paralysis  according  to 

tlie  muscles  supplied  by  the  nerves  involved. 

In  the  alimentary  canal  and  respiratory  organs  conspicuous  changes 
are  constantly  present.  The  tongue  is  generally  dry  and  discoloured, 
oftea  brown ;  the  epiglottis  is  frequently  conspicuously  injected, 
tbe  lower  part  of  the  larynx  so  deeply  congested  as  to  appear  crimson. 
This  often  involves  the  greater  portion  of  the  trachea  and  extends  to 
tb  bronchi,  the  lungs  are  generally  congested,  though  to  a  variable 
extent,  most  usually  they  are  bright  red,  with  portions  deeply  injected, 
▼eiy  frequently  on  the  margins  of  the  lower  lobes ;  parts  of  them 
BoiDetimee  are  consolidated  and  livid.  Though  some  of  these  changes 
naj  be  due  to  causes  independent  of  rabies,  congestion  however  is 
nuKt  usually  present :  oedema  I  have  not  found. 

The  pharynx  and  oesophagus  less  freqaently  show  congestion  than 
tte  tnu^ea,  but  the  stomach,  as  generally  remarked,  shows  very  con- 
stant and  typical  changes ;  in  every  case,  excepting  one,  in  the  dog,  I 
We  found  it  devoid  of  solid  food ;  in  that  case,  as  in  every  other 
excepting  one,  it  has  contained  some  hay ;  in  the  greater  number  of 
tike  cases  of  street  rabies  there  have  also  been  found  other  foreign 
sabttances — cinders,  coal,  wood,  cloth,  &c.  In  cases,  however,  of  ex- 
perimental inoculation,  a  dog  confined  in  a  cage  throughout  the  course 
of  the  disease  can  have  but  little  opportunity  of  eating  any  indigestible 
Bobitauees,  excepting  bay  and  straw. 

Tbe  stomach  frequently  contains  a  thick,  dark-brown  fluid,  which 
V  aho  found  in  the  duodenum ;  the  mucous  membrane  if  not  dis- 
<^hmred  by  the  fluid  present,  is  usually  redder  than  normally ;  con- 
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gestion  of  the  veins  is  generally  Terj  apparent  on  the  exterior  or 
serous  surface,  being  most  marked  towards  the  cardia,  and  on  their 
ramifications  are  apparent  hemorrhages  or  ecchjmoses  of  verj 
variable  size  and  number,  from  the  most  minnte  np  to  nsaallj  2,  4, 
or  6  mm.  in  width  or  more.  When  very  minnte  they  are  more  easily 
distinguished  on  the  interior  or  mucous  coat  where  they  appear  as 
black  specks  or  spots  prominent  upon  the  surface,  generally  on  the 
summits  of  the  ruges :  they  are  in  fact  small  clots.  They  have  been 
described  by  previous  writers,*  and  are  figured  by  Fleming  in  a  oolonred 
drawing  of  a  stomach  with  a  portion  of  the  mucons  membrane  ex- 
posed ;  I  have,  however,  usually  found  them  more  distinct  and  clearly 
defined  than  those  there  shown,  not  having  observed  the  macons 
membrane  as  highly  coloured  as  in  his  drawing,  the  contrast  conse- 
quently being  greater.  They  are,  too,  correctly  described  by  Yoaatt 
(*  The  Dog,'  p.  143)  as  "  effusions  of  bloody  matter,  or  spots  of  ecohy- 
mosis  on  the  summits  of  the  ruge,"  and  regarded  by  him  as  very 
pathognomonic. 

I  have  found  these  present  in  nearly  all  the  dogs  I  have  examined 
in  which  the  disease  has  run  its  course ;  in  those  that  are  killed  during 
its  progress  they  are  necessarily  less  developed. 

Their  appearance  is  very  diagnostic ;  they  occur  in  some  few  other 
caseSft  but  then  only,  I  believe,  of  small  sisce ;  when  large  or  well 
defined,  as  above  described,  in  conjunction  with  the  presence  of  foreign 
bodies,  cinders,  wood,  cloth,  ^.,  in  the  stomach,  no  doubt  of  the 
nature  of  the  case  can  exist. 

The  presence  of  hay  alone,  though  suspicious,  ia  not  of  itself  con- 
clusive, for  in  the  "  Brown  Institution  "  it  has  lately  been  found  in  dogs 
not  rabid  and  apparently  healthy,  in  some  cases  entirely  filling  the 
stomach ;  this  may  be  accounted  for  by  the  inability  of  these  dogs  in 
confinement  to  get  grass,  which  when  at  large  they  constantly  eat.  I 
may  add  that  the  pylorus  is  invariably  hypersdmic,  sometimes  intensely 
80 ;  this  is  best  observed  in  the  serous  coats. 

The  appearance  of  the  liver  is  variable,  usually  it  is  very  dark  and 
congested ;  the  spleen  I  have  found  normal  in  all  cases  except  one, 
when  it  was  somewhat  enlarged,  but  unchanged  in  other  respects. 

The  salivary  glands  have  hitherto  been  regarded  as  the  seat  of  the 
virus,  and  received  much  attention,  but  they  do  not  present  any  con« 
stant  pathognomonic  appearances;  in  one  case  I  found  the  sub- 
maxillary gland    somewhat  hypertrophied  and  vascular,   with   the 

*  Thej  hare  been  described  bj  some  as  **  hainorrbagio  erosions ;"  the  term  is  not 
appropriate,  though  **  erosions  *'  maj  apply  to  the  appearances  of  post-mortem 
digestion,  which  are  sometimes  obserred,  but  not  constantly. 

t  Viz.)  in  swine  ferer  (Dr.  Klein),  in  some  cases  of  experimental  tuberculosis,  and 
in  anthrax  in  rabbits  caused  by  ''capillary  embolism  by  masses  of  bacteria,*'  as 
recorded  by  M.  Felts  ('Comptes  Bendus/  toI.  95, 1882,  p.  859). 


On  Babies,.  55 

parotid  normal ;  but  this  is  not  oonstantlj  the  case,  and  as  often  as 
ooi  these  glands  are  normal  both  to  the  eye  aud  in  microscopical 
Nciioiis. 

The  kidneys  are  frequently  but  not  invariably  congested;  the 
nrinarj  bladder  is  generally  so,  and  in  the  dog  is  frequently  empty  or 
ooDtuns  a  small  quantity  of  urine. 

The  blood  is  always  very  dark  coloured  ;  in  about  half  the  cases  it 
is  fluid  without  any,  or  with  very  little  clot ;  its  reaction  very  shortly 
after  death  and  within  the  vessels  is  neutral.  No  changes  are  apparent 
in  the  tissues  of  the  heart ;  it  is  genei'ally  moderately  distended  with 
Uood,  whether  fluid  or  clotted.  In  the  morphological  elements  of  the 
hlood  no  alteration  can  be  detected  by  the  microscope,  excepting  in 
aome  cases  an  increase  in  the  number  of  leucocytes.  In  the  mioro- 
acopical  appearances  of  the  other  organs  or  tissues  the  changes  which 
may  occur,  as  has  been  described  by  some  writers  (e.^.,  the  granular 
appearance  of  the  liver  cells,  by  Bollinger),  are  to  my  observation  by 
no  means  constant,  nor  can  they  be  regarded  as  pathognomonic. 

1  In  the  Babbit. — The  occurrence  of  rabies  in  this  animal  has  till 
noently  been  a  matter  of  some  doubt.  The  first  authentically  recorded 
case  of  the  successful  transmission  of  rabies  to  the  rabbit  is  where 
Mr.  Simonds  (22nd  April,  1838)  at  the  Royal  Veterinary  College* 
inoculated  two  rabbits  subcutaneously  behind  the  ears  with  the  saliva 
of  a  labid  sheep.  After  an  incubation  period  of  four  days,  they 
showed  symptoms  of  infection,  being  found  dull,  hanging  their  heads 
ttid  inclining  them  to  one  side ;  one  shortly  afterwards  showed  ex- 
citement ;  they  then  became  comatose  and  died.  The  occurrence  of 
piraplegia  is  not  recorded.  The  incubation  period  is  unusually  short, 
Imt  there  appears  no  doubt  that  it  was  trae  rabies  that  was  developed. 

In  the  rabbit,  as  in  the  dog,  infection  is  very  uncertainly  produced 
^  inoculation  even  with  active  cerebro-spinal  substance  into  the 
subcutaneous  tissues,  and,  when  it  does  occur  in  the  former  animal, 
the  symptoms  are  materially  different  from  those  previously  regarded 
*i  typical  in  the  dog,  and  nothing  can  be  less  appropriate  than  the 
H^plication  of  the  term  rabies  or  lyssa  to  them. 

*  Reported  in  the  '  Proceedmgt  of  the  YeterinAry  Medical  Association '  for 
l8aM9,  p.  369,  and  in  < The  Veterinary  Record"  for  1845 ;  also  in  the  '  Yete- 
rinarian  *  for  March,  1881,  p.  189 ;  and  referred  to  by  Fleming  in  the  appendix  to 
Idi  ivork,  before  mentioned.  Youatt  also  (op.  rtY.,  p.  149)  refers  to  cases  of 
liMited  rabie*  in  the  rabbit,  mentioned  in  eridenoe  before  a  Boyal  Commission  on 
te  labjeofe,  but  considers  them  doubtful. 

In  1879  M.  Oaltier  (*  Paris,  Acad.  M^.  Bull.,'  toI.  8,  p.  1114)  inoculated  a  rabbit 
^  the  saliTa  of  a  case  of  hydrophobia  in  man,  producing  rabies  with  great  excite- 
lonit.  From  its  submaxillary  gland  two  other  rabbits  were  inoculated,  and  became 
P^pl^gio.  In  the  same  year  {*  Comptes  Kendus,*  toI.  89,  p.  444)  in  twenty-fire 
^*Ni  be  transmitted  rabies  from  a  dog  to  rabbits,  the  incubation  period  being  from 
four  to  forty-three  days,  the  average  in  twenty -fiye  cases  being  eighteen. 
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The  results  of  intracranial  inocnlation  with  vimlent  medulla,  01 
with  the  secretion  of  the  salivary  glands,  of  either  rabid  dog  or  rabbit 
are,  as  before  stated,  in  all  essential  respects  identical  with  those  tiui' 
follow  subcutaneous  inoculation  of  the  same  matter — in  the  smal 
proportion  of  instances  where  this  is  successful— or  with  thosi 
induced  experimentally  by  the  bite  of  a  rabid  dog,  though  in  these 
as  described  below,  the  incubation  period  is  of  very  yariable  anc 
uncertain  duration  and  much  prolonged. 

The  first  symptom  of  infection  in  rabbits  is  usually,  as  in  the  dog. 
dulness ;  the  animal  sits  up  with  its  eyes  dosed,  its  head  frequently 
thrown  back  and  inclined  to  one  side.  In  some  few  cases,  tbongli 
exceptionally,  and  not  exceeding  3  or  4  per  cent.,  the  animal  is  vest 
less  and  excitable,  running  round  and  round  its  cage,  and  altogetha 
hypereesthetio ;  still  more  rarely  is  it  aggp:«ssive,  in  one  case  and  om 
only  out  of  upwards  of  200,  have  I  seen  a  disposition  to  bite,  and  ii 
two  or  three  others  an  inclination  to  butt.  This  as  in  dogs  depends  nc 
doubt  on  the  disposition  of  the  animal;  tame  rabbits  are  usnall] 
quiet  and  familiar  enough,  but  those  used  to  the  care  of  them  stati 
that  occasionally  a  normal  rabbit  in  confinement  will  attempt  to  biti 
a  hand  put  into  its  cage. 

Concurrently  with  this  change,  there  is  a  rise  of  the  rectal  tempe 
rature  of  about  1°  G.  from  39*2 — 39*8'',  the  normal,  to  between  40 
and  41^  C,  seldom  exceeding  the  latter.  This  rise  is,  I  believe 
invariable,  in  the  regular  course  of  the  disease,  that  is,  if  no 
influenced  by  the  action  of  drugs  or  other  circumstances ;  it  is  ver] 
transient,  and  may  occur  during  the  night  and  easily  be  unobserved 
Usually  it  lasts  about  twenty-four  hours  and.  then  begins  to  fall  mon 
or  less  quickly,  pari  pcusu  with  the  progress  of  paresis,  which  is  thi 
essential  feature  of  this  disease  in  the  rabbit.  At  first  the  anima 
moves  slowly  and  with  reluctance,  its  gait  becomes  unsteady,  thi 
loss  of  power  usually  commencing  in  the  hind  limbs ;  it  then  entire]; 
loses  the  use  of  them ;  they  are  dragged  after  it  if  it  moves,  soram 
bling  along  by  its  fore-legs ;  it  lies  on  its  side  with  its  hind- legs  stretchec 
out ;  respiration  which  was  at  first  accelerated  becomes  slow  and  feeble 
the  muscles  of  the  trunk  and  those  of  the  fore  limbs  are  successiveli 
paralysed,  lastly  those  of  the  head  and  neck,  the  animal  continuing 
to  feed  to  the  very  last,  frequently  dying  with  hay  in  its  mouth  anc 
between  its  teeth.  The  motor  nerves  alone  appear  to  be  affected  ii 
the  rabbit,  the  reflexes  remaining  unimpaired  to  the  last.  A  comatoai 
state  always  precedes  death,  which  is  very  g^dual  and  imperceptible 
the  temperature  continuously  falling  to  a  very  low  point.  The  im 
mediate  cause  of  death  appears  to  be  paralysis  of  the  respiration,  ii 
those  animals  of  which  I  have  witnessed  the  death.  I  have  found  th< 
heart  continue  to  contract  for  some  time  afterwards,  in  one  case  fb: 
nearly  half  an  hour. 
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Tb  posi-Tnortem  appearances  in  the  rabbit  are  better  marked  and 
more  constant  than  in  the  dog.  The  brain  and  medalla  are  more 
frequently  hjpersBmic ;  in  the  majority  of  cases  they  are  matei'ially 
wftened,  which  is  not  altogether  dependent  upon  the  duration  of  the 
fljmptoms ;  sometimes  the  spinal  cord  especially  is  so  soft  that  it  is 
difficvlt  to  detach  a  portion  of  it  entire.  The  microscopical  appear^ 
ances  are  similar  to  those  described  in  the  case  of  the  dog,  but 
luemorrhages  in  the  substance  of  the  cord,  so  frequent  in  the  lattor 
animal,  are  not  found  in  the  rabbit. 

Continuing  to  feed  till  the  very  last,  the  stomach  is  usually  full  of 
partially  digested  food,  as  is  frequently  the  gullet,  in  this  differing 
markedly  from  the  dog.  The  stomach  constantly  shows  congestion, 
with  hemorrhagic  spots  in  almost  every  case ;  they  may  be  minute  and 
Teiy  few  in  number,  only  two  or  three,  but  are  always  present  unless 
in  those  exceptional  cases  where  death  has  followed  very  shortly  after 
the  appearance  of  the  first  symptoms.  These  hsemorrhages  are 
iiffliUr  to  those  in  the  dog,  occurring  in  the  same  situation,  viz., 
chiefly  towards  the  cardia  and  on  the  greater  curvature,  but  are 
lUBally  more  conspicuous,  attaining  a  larger  size  and  sometimes 
becoming  confluent,  covering  a  lai^  portion  of  the  wall  of  the 
itomach.* 

The  small  and  large  intestines  are  generally  normal,  the  fseces  in 
tiie  lower  bowel  being  firm ;  in  summer,  however,  diarrhoea  is  some- 
tinea  present,  though  this  is  probably  due  to  other  concurrent  causes, 
and  not  to  the  specific  action  of  the  virus.  I  have  never  observed 
iti  occurrence  during  the  winter  months.  The  same  remark  as  to  its 
caoae  applies  also  to  the. loss  of  condition  and  emaciation  that  is 
■onetimes  found. 

The  subcutaneous  tissue  is  generally  very  vascular,  and  small 
pitches  of  congestion  are  found,  which  to  superficial  observation 
appear  as  red  spots  of  variable  extent. 

The  larynx  and  trachea  are  almost  invariably  hypereemio,  frequently 
lateaaely  bo;  the  lungs  are  as  frequently  congested  to  a  variable 
extent,  the  margin  of  the  lower  lobe  being  usually  the  seat  of  the 
Snatest  changes ;  sometimes  portions  may  be  found  consolidated  or 
cyanotic,  though  this  not  unfrequently  occurs  in  tame  rabbits  kept 

■ 

m  oonfinement,  and  independently  of  experiment. 

The  liver  is  frequently  enlai^d,  almost  invariably  congested,  and 
<^  engorged  with  dark  blood ;  in  only  two  cases  out  of  upwards  of 
100  noted  have  I  observed  it  perfectly  unchanged  and  healthy. 

The  spleen  in  nearly  one-third  of  the  cases  is  small.  I  have  never 
ohenred  it  materially  enlarged  or  softened. 

The  kidneys  are  frequently  congested,  and  the  urinary  bladder  is 

*  Then  an  correctly  represented  in  the  accompanying  drawing,  fig.  3,  of  a  rery 
^aaikedcMe. 
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always  very  vascular,  generally  distended  with  urine,  frequently  to  an 
enormous  extent.  In  one  case  I  observed  it  of  nearly  the  sise  of  an 
ordinary  soda-water  bottle,  filling  and  distending  the  abdominil 
cavity ;  the  urine  is  strongly  acid,  and  in  other  respects  normaL 

The  blood,  as  in  the  dog,  is  always  dark  coloured,  sometimes  floi£l« 
but  as  often  clotted,  and  I  have  observed  in  several  instances  that  the 
dot  in  the  cavities  of  the  h^art  was  colourless  and  hyaline.  lis 
morphological  characters  are  unchanged,  and  as  in  the  dog  iti 
reaction  is  neutral. 


rV.  Seat  of  the  Virus  and  Results  of  Inoculation. 

In  July  last,  having  obtained  a  rabid  "  street  dog,"  upon  its  dealih 
another  dog  and  a  rabbit  were  inoculated  by  intracranial  injection  of 
a  portion  of  its  medulla,  prepared  as  above  described. 

The  dog  was  unaffected  till  the  seventh  day,  when  it  was  found 
dull,  lying  crouched  up  in  a  comer  of  the  cage ;  the  next  day  evident 
symptoms  of  rabies  were  apparent,  the  animal  being  restlefls  and 
irritable,  flying  at  and  biting  anything  presented  to  it,  with  eom^ 
mencing  paresis  of  the  hind  limbs ;  it  was  never  heard  to  bark,  and 
died  on  the  following  day,  the  9th.  As  this  was  Sunday  no  fartbec 
changes  had  been  noted. 

Examined  the  next  day,  the  stomach  and  small  intestine  were  foimd 
devoid  of  solid  contents,  containing  only  a  dark-brown  fluid ;  conges- 
tion was  apparent  in  the  outer  wall  of  the  stomach  ;  the  appearaneefl 
of  the  other  organs  were  characteristic  of  rabies,  as  hereinbefore  de- 
scribed, but  less  marked  than  in  many  other  cases,  owing  to  the  verj 
rapid  course  of  the  disease,  of  the  nature  of  which  there  could  be  no 
doubt. 

To  prove  this  further,  from  its  medulla  a  rabbit  was  inoonlaiM 
intracranially,  this  animal  showed  an  incubation  period  of  only  foai 
days,  when  with  a  scarcely  appreciable  rise  of  temperature  paresii 
commenced,  and  was  complete  on  the  sixth  day,  the  animal  bein^ 
found  dead  on  the  morning  of  the  seventh. 

The  brain  and  spinal  cord  were  found  much  softened,  and  witl 
their  membranes  distinctly  congested ;  the  lungs  presented  typica 
appearances ;  the  stomach  was  highly  vascular  but  showed  no  htdmor 
rhages,  in  accordance  with  the  rapid  coarse  of  the  disease,  which,  witl 
the  remarkably  short  incubation  period,  confirmed  the  view  of  th) 
very  active  character  of  the  vims,  which  the  previous  casea  Ium 
suggested. 

From  the  medulla  of  the  first  above-mentioned  case  of  street  rabia 
the  rabbit  (narcotised  by  chloral  hydrate)  which  was  inoculated  intn 
cranially,  similarly  to  the  dog,  on  the  fifth  day  showed  commeooinj 
paraplegia ;  this  continued  for  the  next  two  or  three  days ;  the  aninui 
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then  pariiallj  recoTered.  It  howerer  nltimtttelj  relapsed  and  died  on 
tbe  23rd  day. 

On  post*mortem  examination  the  appearances  were  fonnd  to  be  very 
datujctiy  inarked  and  diagnostic,  the  brain  and  spinal  cord  con- 
gttted  and  softened,  the  stomach  showing  moderately  large  and 
diitiiict  htnnorrhagic  spots  (ecclijmoses)  ;  the  condition  of  the  other 
organs,  too,  was  typical. 

In  this  case,  as  in  the  dog,  the  incubation  period  was  remarkably 
short.  The  temporary  recovery  is  unparalleled  in  my  observations,  but 
is  recorded  by  M.  Pasteur  as  sometimes  occurring.  Other  iuocula- 
tioDi  were  made  in  the  same  manner  intracranially  with  virus  from 
Cerent  sources,  all  with  similar  results  as  to  infection  and  the 
tjmptoms  produced,  varying  only  in  the  length  of  the  incubation 
ptfiod. 

These  cases  in  dogs  and  rabbits  proved  sufficiently  that  by  cerebral 
ioocnlgtion  of  a  healthy  animal  with  portions  of  the  medulla  of 
snbid  street  dog,  or  an  animal  infected  from  it,  paralytic  rabies  is 
prodooed,  which  in  the  dog  does  not  difEer  in  its  essential  characters 
fron  ordinAry  street  rabies ;  in  the  rabbit,  however,  its  occurrence 
VM  not  so  well  recognised  previous  to  M.  Pasteur's  experiments,  and 
the  ijmptoms  are  different  from  those  in  the  dog. 

In  order,  therefore,  to  meet  the  objection  that  these  symptoms  are 
not  tiiose  of  infective  rabies  or  lyssa,  subcutaneous  inoculations  with 
i&foetive  medalla  were  practised. 

With  this  object  a  young  healthy  dog  was  injected  under  the  skin 
of  tlie  back  with  half  a  o.c.  of  the  mashed  cord  of  a  rabbit  that  had 
jvi  died  with  the  usual  symptoms  of  paralytic  rabies. 

The  dog,  beyond  at  times  an  apparently  increased  irritability  and 
disposition  to  bite,  which  may  have  been  merely  the  result  of  confine- 
BBnt,  showed  no  appreciable  change  until  the  thirty-ninth  day  after 
noeolation,  when  it  was  observed  to  be  markedly  snappish  and 
initible ;  on  the  following  day  it  was  very  dull  and  indisposed  to 
Bore  or  notice  anything ;  this  increased,  and  it  became  paralysed  in 
As  hind  limbs,  lying  on  its  side ;  there  appeared  constant  irritation 
^  the  skin,  at  which  it  was  perpetually  sci'atching,  with  continued 
twitching  of  the  muscles  of  the  neck  and  trunk ;  it  frequently  uttered 
&  short  yelp,  altered  in  tone  and  characteristically  metallic,  but  not 
the  topical  prolonged  howl  of  rabies. 

It  died  during  the  night  of  the  forty-second  day,  with  post-mortem 
H^nuices  that  were  sufficiently  characteristic ;  it  was  clearly  a  case 
of  ithies  with  tetanic  symptoms  more  pronounced  than  usual,  but  in 
Its  enentisd  characters  did  not  differ  from  street  rabies  in  the  same 
ttdmiL 

In  similar  manner  rabbits  were  inoculated  subcutaneously ;  many 
^periments  failed  to  produce  infection,  as  did  also  one  in  another 
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dog.  In  some  caBes  the  rabbits  died  of  sapnemia  (septic  intozicationj 
to  which  these  animals  are  extremely  liable. 

One  rabbit,  however,  inoculated  October  18th,  1886,  Bnbontaneoiii)> 
with  viralent  medulla,  on  the  twelfth  day  showed  symptoms  oi 
infection,  with  weakness  of  the  hind  limbs,  the  temperature  beiof 
below  the  normal  and  falling.  On  the  fifteenth  day  it  was  completely 
paralysed  and  died  in  the  afternoon,  the  post-mortem  appearanoeB 
being  highly  characteristic,  the  stomach  showing  numerous  large 
well-deRned  htemorrhages,  before  described,  conspicuous  from  the 
serous  surface  as  well  as  on  the  mucous  membrane. 

In  another  rabbit  inoculated  in  similar  manner  subcutaneously,  thf 
result  was  precisely  the  same,  excepting  that  the  incubation  period 
was  shorter. 

The  results  of  these  inoculations  in  both  dogs  and  rabbits  showec 
conclnsively  that  rabies  is  produced  in  both  animals,  alike  by  sub 
cataneous  and  by  intracranial  inoculation  of  infective  medulla  of  botl 
dogs  and  rabbits,  confirming  M.  Pasteur's  statements  in  this  respectb 

It  was  subsequently  found  that  in  the  rabbits  and  dogs  tha 
inoculated  subcutaneously  without  producing  infection,  no  proteetioi 
was  afForded  against  the  effect  of  subsequent  intracranial  inocok 
tion,  which  in  every  instance  produced  fatal  infection. 

Still  further  to  dispose  of  the  objection  that  the  symptoms  foUow 
ing  intracranial  inoculation  are  not  due  to  specific  infection,  a  rabbi 
was  inoculated  sub-durally  by  trephining  with  the  usual  quantii 
(0*1  c.c.)  of  mashed  spinal  cord  of  a  healthy  rabbit.  The  anima 
remained  perfectly  unaffected  in  any  way  for  upwards  of  a  month ;  i 
was  then  again  inoculated  intracranially  with  virulent  medulla,  b; 
which  it  was  infected,  and  died  after  a  short  incubation  period  witl 
the  usual  symptoms  and  post-mortem  appearances. 

I  have  also  made  several  other  inoculations  intracranially  in  rabbiti 
employing  two  or  three  animals  at  the  same  time,  with  medulla  o 
suspected  cases  of  rabies  in  different  animals.  In  many  of  then 
specific  infection  and  death,  with  typical  symptoms  and  appearancei 
have  followed,  but  in  those  cases  where  the  material  used  has  not  beei 
specifically  infective,  the  injections  have  been  perfectly  innocuous,  th 
animals  being  in  no  wise  affected  by  the  operation. 

I  have  used  for  intracranial  and  sub-dnral  inoculation  quantities  o 
medulla,  mashed  and  diluted  in  bouillon,  of  from  1  to  10  minims,' 
with  the  same  results,  without,  in  the  large  majority  of  oases,  any  die 
tnrbance,  previous  to  or  beyond  the  regular  symptoms  of  infectioi 
following  the  operation,  and  without  any  perceptible  difference  in  tb 
incubation  period.  Some  few  animals,  especially  during  the  he 
weather  of  August  and   September,   died  from  accidental  caosei 

*  The  latter  quantity,  however,  is  much  greater  than  it  is  necessary  or  desirab] 
to  use. 


On  Rabies.  61 

ptradticil,  lung  disease,  or  other  ailments,  such  as  diarrhoea,  and  an 

episootic  form  of  nasal  catarrh,  invariably  and  rapidly  fatal,  to  which 

nbbits  in  confinement  seem  to  be  very  liable. 

For  the  sake  of  uniformity  I  have  latterly  always  used  in  these 
intracranial  inoculations  O'l  c.c,  or  one  minim  and  a  half  of  the 
mashed  medulla. 

Another  experiment  was  as  follows  : — Two  dogs  were  inoculated, 
18/9/86,  from  the  medalla  of  a  rabbit  of  short  incubation  period. 
The  one  a  rough  terrier,  D  8,  intracranially  by  trephining,  the  other 
a  smooth  terrier,  D  9,  by  injecting  half  a  c.c.  of  mashed  medulla 
into  the  tibial  vein. 

Two  rabbits  were  inoculated  intracranially  from  the  same  cord; 
thejboth  died  infected,  with  typical  symptoms  and  appearances,  after 
au  incubation  period  of  seven  days. 

Both  the  dogs,  however,  D  8  and  D  9,  remained  nnaffected.  The 
one,  D  8,  after  the  lapse  of  four  months  was  then  bitten  sharply  by 
a  rabid  dog  in  several  places  on  the  fore- leg,  which  had  been  previously 
ihared;  but  again  in  upwards  of  two  months  more  has  shown  no 
■jmpioms  of  infection,  though  some  rabbits  bitten  by  the  same  dog 
were  infected  and  died  in  the  usual  manner.  The  other  dog,  D  9, 
ftfter  the  lapse  of  some  months  was  again  injected  in  the  tibial  vein 
widi  half  a  syringefnl  of  virulent  rabbit's  medulla,  but  it  also  up  to 
the  present  time  (five  months  after  inoculation)  has  shown  no  dis- 
tarbance,  though  two  rabbits  inoculated  intracranially  from  the  same 
▼inu  died  infected  in  the  usual  course. 

This  result  was  quite  unexpected,  both  from  my  own  experiments 
vith  rabbits  and  from  the  statements  of  others ;  it  shows  how  very 
niQch  more  strongly  refractory  to  the  infection  with  the  virus  of 
nbbit  rabies  dogs  are  than  are  rabbits  themselves,  in  which,  by 
mtracnuiial  inoculation^  infection  is  produced  almost  invariably. 

All  immunity  from,  or  refractoriness  to,  infection  is  relative,  as  in 
^  original  case  of  vaccination  against  variola,  and  also  in  rabies,  as 
ihown  conclusively  long  ago  by  Hertwig  {loc.  cit.,  infra),  also  by 
Chanveau  in  the  refractoriness  of  Algerian  sheep  to  anthrax 
('Gomptes  Bendas,'  vol.  90, 1880,  p.  1525),  and  stated  in  express  terms 
by  Pasteur  himself  in  reference  to  the  general  theory  of  protection, 
(t&if.,  vol.  90,  1880,  p.  953).  Its  bearing  upon  testing  the  results  of 
inoculation  in  dogs,  with  the  object  of  prophylaxis,  is  referred  to 
below. 

To  examine  the  infectivity  of  the  peripheral  nerves,  1  took  a  portion 
of  the  sciatic  nerve  of  a  rabbit  recently  dead,  one  of  a  series  of  six  or 
^en  days'  incubation  period,  and  tritarated  it  with  bouillon  in  the 
iiiQ&l  manner,  but  as  it  was  more  viscid  or  tenacious  than  the  medal- 
^^stthstance,  1  was  obliged  to  dilute  it  more  than  in  the  usual  pro- 
portion, in  order  to  render  it  sufficiently  fluid  to  iuiect. 
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With  it  I  inoculated  three  rabbits  intracranially  hj  trephining;  a 
three  showed  a  rise  of  temperature  towards  the  end  of  the  sixth  daj 
and  died  with  typical  symptoms  and  appearances  of  infection  shortl 
afterwards. 

As  I  had  diluted  the  nerve  substance  about  twice  as  much  as 
usually  did  medulla,  and  only  injected  the  same  quantities,  prodnoin 
infection  without  any  variation  in  the  incubation  period,  it  is  show 
to  be  fully  as  virulent  as  the  cerebro-spinal  substance ;  and  we  ma 
conclude  that  the  tissues  both  of  the  central  and  peripheral  nervoi 
systems  are  equally  the  Reat  of  the  virus.* 

At  an  early  stage  of  the  investigation  I  made  a  series  of  experimen 

upon  the  relative  activity  of  the  virus  of  the  spinal  cord  and  medul 

oblongata  of  the  same  animals,  and   I  found  that  as  shown  by  tl 

.  duration  of  the  incubation  period,  there  was  no  appreciable  differen 

whatever  in  the  infective  virulence  of  the  two. 

I  have  tried  the  infectivity  of  the  tissues  of  the  salivary  glands  of 
rabid  dog,  or  the  secretion  expressed  from  them,  taking  portions 
the  parotid  and  submaxillary,  crushing  each  in  a  mortar,  adding 
small  portion  of  bouillon,  with  which  it  was  macerated  for  a  time,  tl 
fluid  then  being  injected  intracranially  in  rabbits. 

Of  two  rabbits  inoculated  from  the  submaxillary  gland  one  di< 
on  the  2nd  day  apparently  from  an  accidental  cause,  the  other  wi 
found  dead  in  the  morning  of  the  4th  day,  no  symptoms 
infection  having  been  apparent  nor  any  pathognomonic  appearanc 
on  post-mortem  examination.  Two  other  animals  were  inoculati 
intracranially  from  its  medulla  and  both  remained  unaffected.  Tl 
two  rabbits  inoculated  from  the  parotid  both  developed  symptoms 
infection  on  the  17th  day,  and  died  during  the  20th  with  typic 
appearances,  showing  apparently  that  the  tissues  or  secretion  of  tl 
parotid  gland  are  infective,  but  much  less  actively  so  than  tl 
medulla. 

•  Hertwig  (op.  cit.,  infirn^  tnde  p.  65)  failed  to  produce  infection  in  six  do 
inoculated  with  the  crural  and  sjmpathetio  nerves  of  other  rabid  antmalt. 

Bossi,  of  Turin  ('Torino,  Accad.  Sci.  Mem./  1805-1808,  p.  94)  asserts  that  ] 
produced  rabies  in  a  dog  after  an  incubation  period  of  eighteen  days  bj  inoculatii 
it  ir  the  tail  with  a  portion  of  the  crural  nerve  of  a  rabid  cat  just  killed.  This  cf 
however,  was  one  of  "  several  **  which  he  states  that  he  rendered  rabid  bj  co 
fining  in  a  room  without  food  or  drink  ;  then  killing  them,  he  inoculated  t' 
different  fluids  of  the  body  to  ascertain  which  besides  the  saliva  most  readi 
induced  rabies,  and  found  that  onlj  that  secretion  cmd  ike  nerves  while  toorm,  d 
so.  In  a  subsequent  communication  (*  Memorie,'  &c.,  vol.  80, 1826,  p.  22)  he  furth 
states  that  two  dogs  became  rabid  by  being  bitten  by  a  cat  confined  as  describe 
but  that  by  similar  means  he  was  unable  to  excite  rabies  in  dogs. 

His  experiments  appear  to  have  been  numerous,  but  his  statements  on  this  poi; 
are  difficult  to  understand  if  his  own  conclusion  be  rejected,  that  rabies  in  the  oat 
fpontaneouM  an^  maj  be  produced  experimentally. 
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The  inlectiyitj  of  the  blood  of  rabid  animals  has  been  a  moot 
qaestioD,  some  accounts  having  asserted  infection  to  have  been  pro- 
duced by  inocnlation  with  it,  the  experiments  having,  of  coarse,  been 
made  by  snbcntaneons  inocnlation. 

I  have  taken  blood  from  the  heart  of  a  rabbit  recently  dead  of 
nbies,  defibrinated  it  by  whipping  with  a  sterilised  glass  rod,  and 
injected  portions  of  0*1  c.c.  snbdnrally  in  rabbits,  bnt  have  not 
•acceeded  in  producing  infection,  the  animals  as  long  as  observed 
being  anaffected  in  any  way. 

It  seems  probable  that,  as  in  other  analogous  cases,  this  flaid  is  bnt 
exceptionally  infective,  or  only  so  in  large  quantities,  as  it  is  not 
the  primary  seat  of  the  vims,  which  we  now  know  to  be  principally 
in  the  tissnes  of  the  central  nervous  system. 


The  viJue  of  these  methods  of  intracranial  inoculation  with  rabbits, 
'nxn  the  greatly  curtailed  incubation  period  and  practically  certain 
VBraltbg  infection,  for  the  purpose  of  determining  whether  a  suspected 
<iMe  is  one  of  true  rabies  or  not,  is  obvious. 

In  one  instance  a  dog  was  destroyed  at  Caterham  in  a  state, 
*ppttently,  of  furious  rabies,  after  having  bitten  several  persons  and 
other  dogs ;  as  it  was  very  desirable  to  ascertain  positively  the  nature 
^  the  case,  I  inoculated  from  a  portion  of  its  medulla  a  rabbit,  which 
Kfter  sixteen  days  developed  symptoms  of  infection,  and  died  shortly 
afterwards  of  paralytic  rabies. 

In  another  instance  I  received  a  portion  of  the  spinal  cord  of  a  dog 
^  had  bitten  several  persons  at  Grantham,  but  which,  as  was  stated, 
ibowed  no  symptoms  of  rabies ;  from  the  cord  I  inoculated  a  rabbit 
hj  trephining,  and  after  nineteen  days  symptoms  of  infection  appeared, 
the  animal  dying  in  the  usual  manner,  leaving  no  doubt  as  to  the  dog 
haying  been  rabid. 

The  duration  of  the  incubation  period,  too,  being  proportionate  to 
^  activity  of  the  virus,  which  varies  from  different  sources,  may 
in  case  of  death  from  hydrophobia,  afford  a  means  of  determining  the 
■onioe  whether,  e,g,,  infection  arose  from  the  bite  of  a  rabid  street 
^,  or  was  caused  by  inoculation  with  rabbit  virus. 

This  most,  however,  be  received  with  some  reservation,  the  incuba- 
^  period  resulting  from  inoculation  with  the  virus  of  street  rabies  in 
*nne  cases,  though  very  exceptionally,  being  even  shorter  than  that 
^  the  Pasteurian  or  constant  rabbit  virus,  as  shown  in  two  of  my 
^speriments  (supra,  p.  58)  where  in  a  dog  and  rabbit  inoculated  sub- 
^vnllj  from  the  cord  of  a  street  dog,  this  period  was  respectively 
leren  and  five  days,  and  in  another  rabbit  similarly  inoculated  from 
^bat-mentioned  dog,  it  was  only  four  days. 
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Y.  On  the  Occurrence  of  InfecHvity  in  the  Tissues  after  Inoculatiofm, 


The  period  at  whicli  the  tissues  of  an  animal  inoculated 
become  virulent,  or  the  bite  of  a  dog  be  infective,  is  of  importance 
and  as  yet  there  are  no  observations  on  record  to  enable  us  to  form  aJ 
opinion  on  this  point. 

I  had  found  in  numerous  experiments  that  if  a  rabbit  was  killed 
upon  the  termination  of  the  incubation  period,  on  the  appearance  ot 
the  first  appreciable  symptoms,  its  medulla  was  as  actively  infeotiw 
as  that  of  an  animal  which  had  died  after  the  disease  had  run  its  fall 
course. 

To  determine  at  what  period  this  infectivity  is  developed  I  inocu- 
lated five  rabbits,  A,  B,  C,  D,  and  E,  intracranially  in  the  usuaL 
manner  from  a  medulla  of  six  to  seven  days*  incubation  period. 

Of  these  A  was  killed  towards  the  termination  of  the  2ud  day, 
about  44  hours  after  inoculation,  and  from  its  cord  two  others,  A 
2  and  3,  were  also  inoculated  intracranially.  Another  animal,  B,  was 
killed  at  the  expiration  of  the  4th  day,  and  B  2  and  3  were  similarly 
inoculated.  A  third,  C,  first  showed  symptoms  of  infection  towards 
the  close  of  the  7th  day,  about  164  hours  after  inoculation ;  it  was 
thereupon  killed,  and  C  2  and  3  were  inoculated  intracranially.  D 
and  E,  which  developed  symptoms  during  the  same  day  as  C,  were 
allowed  to  die  in  the  regular  course  of  the  disease ;  the  one  was  found 
dead  on  the  10th,  the  other  died  during  the  11th  day,  with  typical 
symptoms  and  appearances.  From  the  medulla  of  this  latter  two  other 
animals,  E  2  and  3,  were  inoculated. 

Of  these  rabbits,  A  2  and  3  as  well  as  B  2  and  3  were  altogether 
unaffected,  with  the  exception  of  a  slight  and  transient  rise  of  tempe- 
rature on  the  5th  day  in  A  2,  which  was  probably  accidental. 

C  2  and  3  developed  symptoms  by  the  7th  day,  which  took  their 
usual  course.  No.  2  was  found  dead  on  the  morning  of  the  12th  day, 
No.  3  dying  during  the  same  day. 

D  2  and  3  showed  an  incubation  period  of  six  to  seven  days,  and 
died  shortly  afterwards. 

From  this  it  appears  that  the  spinal  cord  of  an  infected  animal  is 
not  itself  in  anywise  virulent  till  towards  the  close  of  the  incubation 
period,  concurrently  with  the  appearance  of  the  first  symptoms  of 
constitutional  disturbance.  1  think  we  may  conclude  from  this  that 
the  vims  is  latent  at  the  site  of  inoculation  till  this  period,  when^ 
somewhat  suddenly,  it  bursts  forth  and  pervades  the  tissues.  In  the 
case  of  bites  from  rabid  animals  this  seems  to  suggest  the  possible 
utility  of  excising  or  deeply  cauterising  the  wound,  even  at  a  snbse* 
quent  period,  and  throws  great  doubt  upon  the  authenticity  of  those 
cases  where  hydrophobia  has  been  said  to  have  been  occasioned  by 
the  bite  of  an  animal,  which  itself  remained  unaffected  for  a  consider* 
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able  time  afterwards ;  and  I  shonld  be  disposed  to  conclude  that  if 
such  an  animal  developed  no  symptoms  of  rabies  for  some  days  after 
Juving  bitten  a  person  or  otber  animal,  the  latter  woald  be  safe  from 
anj  danger  of  infection.* 

*  The  most  extensiTe  and  important  observationB  and  experiments  upon  this 
robject  erer  record  d  before  M.  Pasteur's  are  those  of  Hertwig,  made  in  the 
Veterinary  School  of  Berlin  between  the  years  1828  and  1827.  Thej  are  published 
io  Hufeland  and  £.  Osann's  '  Journal  f .  prakt.  Heilkunde/  Berlin,  vol.  67,  1828, 
(Beit  X.  nAhem  Kentniss  d.  Wutbkrankheit,  oder  ToUheit  d.  Hunde,  von  Dr. 
Hertwig).  They  have  been  but  little  noticed  by  English  writers,  important  as  they 
are.   Their  chief  results  are  : — 

•    (1.)  Of  16  dogs  inoculated  with  the  saliva  of  others  rabid,  by  puncturing  the  skin 
of  the  bead,  6  died  infected. 

(2.)  Of  7  similarly  inoculated  with  the  secretion  expressed  from  the  parotid 
gUndt,  1  was  infected. 

(3.)  Of  2  inoculated  with  the  crural  and  4  with  the  sympathetic  nerve,  no  infec 
tion  reiulted. 

(i)  Saliva  put  in  the  mouth  of  more  than  20  dogs  in  no  case  produced  infection. 

(5.)  Of  11  dogs  inoculated  with  the  blood  of  others  rabid,  taken  during  life  and 
shortly  after  death,  no  specific  infection  occurred. 

(6.)  Of  15  caused  to  be  bitten  by  others  rabid,  5  died  infected ;  but  of  187  appa- 
1^7  brought  to  the  infirmary  bitten  by  others  rabid  or  (qy.)  supposed  to  be  so, 
odj  6  died  infected. 

His  own  pug  was  inoculated  nine  times  durin^  three  years  and  resisted  infection, 
^  loocumbed  to  a  subsequent  trial.  He  remarks  {op.  cit.j  p.  172)  that  of  the  other 
dogi  thai  died  after  inoculation,  some  withstood  infection  two,  three,  or  four  times, 
ttd  one  died  at  first,  clearly  showing  how  variable  is  the  degree  of  refractoriness 
poaesMd  by  different  animals. 

His  observations  upon  the  symptoms  and  appearances  in  upwards  of  200  cases 
thit  he  examined  are  carefully  recorded,  and  his  statement  that  he  compared  the 
htter  with  those  of  healthy  animals  shows  the  scrupulous  care  with  which  they  were 
Bade.  Their  description  is  fully  given  in  his  later  work  *  Die  Krankhoiten  d. 
Hoadeu.  deren  Hcilung'  (Berlin,  1853). 

A  series  of  observations  made  upon  even  a  larger  number — 375  cases  of  street 
'•hieg,  in  the  Veterinary  Institute  of  Vienna,  during  twenty  years — is  that  of 
^nickmuller,  recorded  in  his  *  Lehrbuch  d.  Pathol.  Anatomic  der  Hausthiere ' 
(Wien  1869).  He  found  a  morbid  appearance  in  the  stomach  in  254  cases,  or  nearly 
'Oper  cent.,  with  the  presence  of  foreign  substances  in  it  in  199  cases,  or  55  per 
^^ ;  it  was  "  inflamed  "  in  125,  or  33  per  cent. 

It  appears  probable,  however,  that  some  at  least  of  these  cases  may  have  been 
^Qtroyed  during  the  progress  of  the  disease,  and  not  improbably  some  of  them  may 
^have  been  cases  of  true  rabies,  which  circumstance  would  materially  affect  the 
I*oportions  of  pathognomonic  appearances  observable. 

The  best  work,  extant  on  this  subject,  of  both  literary  merit  and  scientific 
*<)Riraoy,iB  the  well-known  '  Rabies  and  Hydrophobia,'  by  George  Fleming,  LL.D., 
^^indpal  Veterinary  Surgeon  to  the  Army  (London,  1872),  which  gives  a  complete 
^  excellent  account  of  the  disease  in  all  its  relatione,  with  a  notice  of  tlie  prin- 
^  publications  up  to  that  time.  Of  these  the  best  in  the  English  language  are 
^  of  William  Youatt,  M  R.C.V.S.  (*  The  Dog,'  London,  1846,  and  *  On  Canine 
^ttdneit,*  London,  1830) ,  in  which  the  account  of  this  disease  in  the  lower  animals 
it  giieii  from  the  numerous  cases  observed  in  his  own  extensive  praciiQie, 

TOL.  lUU.  \ 
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YI.  Duration  of  the  InouhaUon  Period. 

The  great  Tariahility  of  the  inonbation  period  and  the  extreme 
length  to  which  it  may  extend  after  the  bite  of  a  rabid  animal,  is 
well  known,  and  constitates  the  most  nnacconntable  featnre  of  this 
disease.  It  is  well  established  that  both  in  nmn  •and  the  lower 
animals  it  may  extend  to  at  least  several  months,  and  even  periods  of 
some  years  have  been  recorded  npon  apparently  good  evidenoe.  Snb- 
cntaneons  inocalation  with  saliva  taken  from  the  month  in  all  the 
experiments  which  I  made  failed.  In  intracranial  inocnlations  with 
the  secretion  expressed  from  the  parotid  gland,  as  previously  described, 
the  incubation  period  was  seventeen  days. 

By  subcutaneous  inoculation  with  the  medulla  of  street  rabies,  it  is 
uncertain  and  generally  prolonged,  both  in  dog^  and  rabbits,  but  by 
intracranial  inoculation  it  is  much  shortened  and  more  regular.  I 
have  had  two  cases  above  recorded  in  rabbits,  where  the  first  symptoms 
appeared  on  the  fourth  and  seventh  days  respectively,  after  intracranial 
inoculation,  but  this  is  most  unusual  with  virus  from  this  source,  i.e., 

The  moet  important  recent  work  upon  the  subject  in  English  is  the  article  hr 
Bollinger,  in  the  American  translation  of  Ziemssen's  '  CyolopAdia  of  the  Medical 
Sciences/  which  gives  a  good  account  of  the  aetiology  of  the  disease,  its  symptoms^ 
and  other  features,  hoth  in  man  and  the  lower  animals,  with  a  notice  of  the  preTioo*- 
literatare. 

A  copious  bibliography  is  contained  in  the  '  Dictionnaire  Enqydop^diqiie  de» 
Sciences  M^icales,'  ed.  by  A,  Dechambre,  Paris,  1874,  article  '*  Bage."  The  list? 
is  brought  up  to  the  date  of  the  commencement  of  Pasteor's  inrestigation  andl 
the  inauguration  of  the  present  yiews  upon  the  subject  in  the  '  Noureau  Diction- 
naire  de  MMedne  et  de  Chirurgie  Pratique,'  by  Dr.  Jacooud,  toL  80,  Paris,  1881. 

The  most  complete  account  of  the  literature  of  the  subject,  howerer,  is  that  given, 
in  the  inyaluable  *  Index  Catalogue  of  the  Surgeon-General's  Office  U.8.  Army.' 
Washington,  1886,  toL  6.    Art.  "  Hydrophobia." 

The  communications  to  the  Boyal  Society  upon  rabies  or  hydrophobia  have  nob 
been  numerous  or  important ;  they  are  mainly  records  of  cases  in  man  and  report* 
of  asserted  cures.    One  of  these  by  Dr.  James  has  been  abore  referred  to. 

Amongst  the  more  recent  publications  upon  this  subject  may  be  mentioned  thair 
of  M.  Bourrel,  a  veterinary  surgeon,  formerly  in  the  !E^rench  Army,  and  director  c£ 
the  Institution  for  the  Study  of  Canine  Pathology  in  Paris.  His  obseiration* 
{*  Traits  complet  de  la  Bage,  ches  le  Chien  et  chez  le  Chat,  Moyen  de  s*en  pr^seirer* 
Ae.*  Paris,  1874)  are  important  on  account  of  the  very  large  number  of  cases  in  th^ 
dog  which  he  had  the  opportunity  of  obseryiog. 

Between  the  years  1859  and  1872,  as  he  states,  out  of  18,531  dogs  admitted  to  the 
establishment  1219  were  rabid.  He  adrocates  the  prompt  application  of  caustic 
to  the  bite  of  a  rabid  animal,  and  admits  that  the  enforced  muzzling  of  dogs  had 
been  beneficial ;  but  his  specific  to  abolish  all  risk  to  man  from  this  disease  is  by 
filing  down  the  points  and  sharp  edges  of  the  canine  teeth  and  incisors  of  all  dogs. 

Since  the  publication  of  M.  Pasteur's  rt»ults  the  only  independent  investigations 
as  yet  recorded  are  those,  before  referred  to,  of  Professor  Frisch,  in  Vienna ;  and, 
more  recently,  in  the  '  Annales  de  Tlnstitut  Pasteur/  Paris,  March,  1887,  those  of 
J%:  BaixiMob,  of  Odasfa,  noticed  below. 
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'bid  street  dogs.     In  other  cases  the  period  has  been  from  seventeen 
nineteen  days,  which  appears  to  be  about  the  average,  and  agrees 
rljr  with  that  given  bj  M.  Pasteur  and  Prof.  Frisch. 
When  the  vims  of  street  rabies  is   passed  through  a  sufficient 
KX^dmber  of  rabbits  the  period  is  further  reduced  to  six  or  seven  days, 
^^id  becomes  markedly  constant.     In  a  period  of  about  six  months  I 
bve  carried  this  virus,  originally  obtained  from  M.  Pasteur's  Labora- 
iry,  through  a  series  of  twenty  rabbits,  inoculating  two  or  more  of 
:h  series.     In  the  large  majority  of  cases  the  first  symptoms  of  in- 
don  have  appeared  between  the  sixth  and  seventh  days,  exception, 
ly  not  till  the  eighth  day,  in  a  few  instances  till  the  ninth.   Latterly  I 
\ie  observed  two  cases  in  which  the  latent  period  was  only  four  days. 
In  one  case  quite  recently,  two  rabbits  were  inoculated  intracranially 
)m  one  of  a  Pasteurian  series,  that  had  died  after  a  very  unusually 
\hxai  incubation  period,  with  characteristic  symptoms,  but  of  only 
hours'  duration,  on  the  fourth  day  after  inoculation.     One  of 
so  inoculated  died  on  the  third  day,  apparently  from  accidental 
Luaes,  the  other  remained  unafFscted  and  healthy  till  the  fortieth 
diy,  when  it  was  observed  to  be  paralysed,  and  was  found  dead  the 
following  morning,   with  post-mortem   appearances   that  were  very 
^weU  marked  and  characteristic;  the  hsBmorrhages  in  the  stomach, 
though  not  perceptible  on  the  serous  coats,  were  larger  on  the  mucous 
nrHtoe,  though  few  in  number,  than  any  other   I  have  observed, 
ilmost  resembling,  as  has  been  described,  *'  crushed  currants."     This 
diuition  of  the  incubation  period  is  quite  exceptional. 

From  the  medulla  of  this  case  two  other  rabbits  were  inoculated 
^  trephining ;  they  both  showed  an  incubation  period  of  the  usual 
kngth — six  to  seven  days — ^with  well-marked  symptoms,  thus  proving 
ttat  the  remarkably  protracted  incubation  period  in  the  above  case 
viB  due  to  some  accidental  cause,  and  that  the  virus  had  undergone 
no  permanent  modification. 

I  have  had  the  opportunity  of  inoculating  intracranially  from  the 
Qedolla  of  a  rabid  horse,  in  this  case  with  an  incubation  period  of 
(Brenteen  days,  and  from  a  rabid  ox,  as  also  from  a  case  in  man,  in 
*U  of  which  it  was  about  the  same,  and  the  symptoms  of  infection  and 
poit-mortem  appearances  were  identically  similar  to  those  following 
iiUKmlation  from  the  dog  or  rabbit. 

I  have  also  inoculated  rabbits  from  the  medulla  of  a  furiously  rabid 
^*  which  had  been  itself  inoculated  from  a  street  dog.  In  this  case 
the  bcubation  period — ^in  the  rabbits — was  between  seventeen  and 
^hteen  days,  with  the  regular  symptoms  and  post-mortem  appear- 
^Qoes. 

That  in  inoculating  rabbits  intracranially,  the  duration  of  the  in- 
^Wion  period  is  usually  determined  by  the  activity  of  the  virus, 

*  13m  nme  animal  that  bit  the  man,  Jofeph  Smith,  heTeinaftev  m«iit\0Ti«6L, 
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and  only  very  exceptionally  by  any  reaction  of  the  animal  inocnlate 
is  shown  by  the  circumstance  that,  however  many  animals,  of  i> 
same  species,  are  inocalated  from  the  same  source,  this  period  ges 
rally  shows  no  variation  at  all  in  them,  though  the  duration  of  t! 
disease,  and  consequent  occurrence  of  death,  is  evidently  depende 
maiuly  upon  the  age,  condition,  and  vigour  of  tbe  subject. 

VII.  Preservation  of  the  Virus  and  Methods  of  Modificaiion. 

On  the  occurrence  of  septic  decomposition  in  tbe  medulla  the  vir\ 
is  destroyed,  but  M.  Pasteur  has  stated  that  by  removing  portions  < 
virulent  medulla  with  precautions  against  contamination,  and  an 
pending  them  in  an  atmosphere  of  pure  carbonic  acid,  their  infectivit 
is  retained  unimpaired  for  some  weeks. 

I  have  not,  however,  found  this  to  be  the  case ;  I  have  in  severe 
experiments  carefully  removed  a  portion  of  the  cord  of  a  rabi 
rabbit,  passing  it  and  the  ligature  to  which  it  was  attached  throng, 
the  flame  of  a  spirit-lamp  and  suspended  it  in  a  vessel,  previoal* 
disinfected,  plugged  with  sterilised  cotton-wool,  and  kept  saturated  b) 
a  constant  current  of  COg,  filtered  through  cotton- wool. 

In  every  case  I  found  that  within  a  few  days  the  virus  was  mate 
rially  modified,  and  soon  completely  destroyed,  the  rapidity  of  th 
change  probably  depending  upon  the  temperature.  In  summer  oi 
the  tbird  day  this  diminution  in  virulence  is  apparent  in  the  results  c 
inoculating  rabbits  with  it.  Septic  microbes,  however,  do  not  develo 
in  the  medullas,  as  long  as  kept  in  this  manner. 

I  consequently  find  this  method  unsuitable  for  preservation  of  th 
virus  for  even  the  shortest  period. 

The  basis  of  M.  Pasteur's  present  methods  of  protective  inoculatio 
consists  in  the  asserted  progressive  modification  and  ultimat-e  extin< 
tion  of  the  virus  which  is  produced  by  suspending  a  portion  of  infectin 
medulla  in  a  current  of  dry  air.  The  methods  adopted  are  to  tak 
out  a  portion  of  the  spinal  cord  of  a  rabid  rabbit  soon  after  deatl 
then  passing  it  lightly  through  the  flame  of  a  spirit-lamp,*  in  order  i 
destroy  any  septic  germs  which  may  have  fallen  upon  its  surface,  1 
suspend  it  by  a  ligature  similarly  flamed,  in  a  previously  sterilise 
bottle,  with  tubulature  at  top  and  bottom,  plugged  with  cotton- woo 
and  containing  a  quantity  of  caustic  potash. 

Thus  prepared  the  cords  are  gradually  dried  ;  the  potash,  absorbin 
all  moisture,  prevents  any  development  of  septic  organisms  quil 
effectually.  A  portion  of  a  cord  dried  for  the  length  of  time  require 
for  inoculation  is  then  triturated  with  bouillon,  strained  as  befoi 
described,  and  injected  subcutaueously. 

*  The  sterilidation  however  is  superfluous,  inasmuch  as  saprophytes  do  ik 
develop  io  dry  nir. 
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Pasteur  states  (*  Comptes  Reudus,'  vol.  101,  1885,  p.  770)  that  the 
piogressive  modification  of  virulence  in  cords  thus  preserved  is 
attested  bjr  the  increasing  length  of  the  incubation  period  in  rabbits 
inocalated  intracranial Ij  with  them,  and  that  the  duration  of  this 
period  increases  regularly  with  those  dried  up  to  seven  days,  but 
that  from  and  after  that  period  they  are  not  virulent. 

I  have  myself  in  several  experiments  invariably  found  the  latter 
part  of  this  statement  correct,  and  that  cords  dried  for  seven  days  or 
more  are  absolutely  inert,  as  are  frequently  those  of  six  and  of  five 
days. 

Bat  1  have  not  by  any  means  found  the  progressive  prolongation 
of  the  incubation  period,  with  cords  dried  for  a  shorter  time,  as  regu- 
was  be  records,  but  on  the  contrary  1  have  found  it  usually  the  same 
^  with  fresh  cords,  unaltered  up  to  and  including  the  fourth  day ;  in 
One  case  only  when  inoculating  from  one  dried  four  days,  did  the  first 
■ymptoms  of  infection,  which  were  not  well  marked,  appear  to  be 
^ferred  till  between  the  ninth  and  tenth  day,  the  animal  dying  on 
tte  thirteenth. 

As  in  cords  thus  treated  the  virus  certainly  becomes  altogether 
extinguished,  teste  Pasteur,  and,  as  1  have  myself  found,  somewhat 
^ddenly,  by  the  seventh  day,  it  appears  doubtful  what  benefit  can 
i^esult  by  inoculating  subcutaneously  with  those  of  a  longer  period, 
^ith  the  object  of  prophylaxis. 

The  preservation  of  cords  by  this  method,  in  an  atmosphere  kept 
lierfectly  dry  by  caustic  potash,  entirely  prevents  the  occurrence  of 
microbial  putrefaction ;  its  absence  is  plainly  evinced  by  no  fetor  being 
ferceptible  in  them,  as  saprophytes  are  unable  to  develop  in  a  per- 
"bctly  dry  atmosphere,  as  well  as  in  one  of  carbonic  acid. 

I  have  too  examined  with  the  microscope  portions  of  cords  thus 
preserved  for  difierent  periods,  but  have  never  recognised  any  micro- 
phytes ;  if  they  had  been  present  in  any  numbers  they  could  not  have 
^•caped  observation. 

To  prove  their  absence  certainly,  I  took  part  of  a  cord  preserved  as 
described  for  five  days,  and  snipping  the  outer  surface,  which  was 
dry  and  firm,  1  plunged  a  sterilised  platinum  needle  into  its  substance, 
which  was  moist  and  viscid,  adhering  in  very  appreciable  quantities 
^  the  needle.  With  this  I  inoculated  a  tube  of  agar-agar  bouillon 
P^ne,  and  performed  this  operation  three  times ;  the  tubes  thus 
uiocnlated  were  placed  in  the  incubator  at  *S8''  C,  no  organisms  de- 
veloped, and  their  contents  remained  altogether  unchanged  until 
^  ultimately  dried  up,  showing  the  total  absence  of  septic  microbes. 

I  may  add  that  in  a  room  of  any  ordinary  laboratory  it  would,  I 
*KHeve,  be  practically  impossible  to  remove  any  number  of  cords  and 
^'^i^erthem  to  the  requisite  vessels,  without  some  germs  of  septic 
o^isms  falling  upon  them  during  the  operation*,  and  that  ooii.- 
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seqnentlj  the  only  reliable  means  of  preserving  them  from  8e| 
changes  is  by  keeping  them  tinder  conditions  where  saprophytes  cam 
develop,  sach  as  that  adopted  by  M.  Pastern*  and  here  follow 
Another  method  wonld  be  to  keep  them  at  a  very  low  temperature 
The  result  of  attempting  to  protect  rabbits  by  subcutaneous  inj 
lions  with  medullas  treated  as  above,  is  in  accordance  with  these  obi 
vations.  Here,  as  recorded  below,  in  the  first  series  of  experimex 
where  large  quantities  were  injected,  death  shortly  followed  fr 
saprasmia  in  every  one  of  the  animals  inoculated  ;  in  the  second  ser. 
using  smaller  quantities  for  injection,  fewer  deaths  from  the  same  ca' 
occurred,  illustrating  the  distinction  between  infection  with  a  spec 
bacterial  virus  and  intoxication  by  a  chemical  poison,  viz.,  that  in 
former  case  within  certain  limits,  the  result  is  independent  of 
quantity  inoculated,  one  viable  germ  producing  the  same  effect  as 
immeasurably  greater  number ;  but  in  the  other  case — the  actiou  oi 
soluble  or  chemical  ferment  or  poison — the  effect  is  directly  a 
obviously  proportionate  to  the  quantity  used  for  inoculation. 

YIII.   Protective  Inoculation^ 

In  the  first  series  of  experiments  upon  rabbits,  five  were  taken  a 
inoculated  daily  after  M.  Pasteur's  original  methods  with  half 
Pravaz  syringeful — about  0*7  c.c. — of  mashed  spinal  cord,  commend 
with  that  dried  as  just  described  for  15  days  ;  on  the  third  day  w: 
one  of  13  days  ;  on  the  fifth  with  one  of  11  days;  the  sixth  with  c 
of  10 ;  and  so  on  daily,  or  as  often  as  a  cord  of  the  requisite  age  v 
available,  till  the  thirteenth  and  last  inoculation  was  made  witfc 
cord  dried  one  day  only,  and  as  several  previous  experiments  1: 
shown,  of  unmitigated  virulence,  at  least  for  rabbits. 

Three  of  the  rabbits,  however,  had  died  during  the  course  of  i 
inoculations ;  one,  the  youngest  of  the  batch,  which  died  first,  ap] 
rently  from  accidental  causes,  the  two  others  from  saprsemia ;  but  t 
remained  for  the  concluding  inoculation,  and  these  both  died  a  f 
days  after  it  was  made.  None  of  them,  however,  showed  any  sympto: 
of  infection  wiih  rabies,  they  were  those  of  sapreemia  or  septic  : 
toxication.  The  series  of  experiments  was  inconclusive  therefore 
its  resalts,  and  it  seemed  possible  that  the  quantity  of  matter  injecl 
was  too  large. 

In  a  subsequent  communication  ('  Comptes  Rendus,'  2nd  No 
1886)  M.  Pasteor,  objecting  to  the  results  of  similar  experiments  pi 
lished  by  Professor  Prisch,  of  Vienna  (*  Wiener  Med.  Wochenschr.,'  ; 
ferred  to  below),  promulgated  a  new  "  rapid  "  or  "  intensive  **  meth 
of  treatment,  which  appeared  likely  to  be  more  successful  with  rabbi 
liable  as  these  animals  are  to  septic  poisoning  by  inoculation  with  a 
foreign  matter.    Accordingly  six  rabbits  were  taken,  all  appareni 
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healthy,  and  were  inoonlated  in  the  following  manner,  with  medollas 
of  progreesivelj  increasing  viralence,  0*15  c.c.  of  the  mash  prepared 
as  above  described  being  used  in  each  sabcutaneoos  inoculation. 

On  the  Ist  day,  morning,  cord  dried  13  days. 
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eyening, 

11 

»      2nd  „ 

9 

„      3rd  „ 

morning 

6 

99              »>          9> 

evening, 

4 

„     4th   „ 

morning 

8 

ti          »>        n 

evening, 

2 

„      5th    „ 

1 

Of  the  rabbits  thus  inoculated,  one  was  found  much  wasted  and 
partially  paralysed  behind,  with  a  falling  temperature,  on  the  6th 
day  after  the  concluding  inoculation,  it  died  on  the  9th  day  with  well 
marked  and  unmistakable  post-mortem  appearances. 

A  second  animal  died  on  the  11th  day  after  the  last  inoculation 
with  symptoms  and  appearances  that  clearly  showed  infection.  A 
tbird  was  first  affected  on  the  19th  day,  and  died  on  the  22nd,  clearly 
of  paralytic  rabies. 

Two  others  died  some  days  after  the  completion  of  the  inoculations 
with  appearances  of  saprsemia.  One  remained  in  good  condition  and 
imaffected;  this  on  the  24th  day  after  the  last  inoculation,  was 
injected  intracranially  with  0*1  c.c.  of  mashed  meduUa  of  a  rabid 
tibbit  just  dead.  On  the  6th  day  following,  the  temperature,  pre- 
Tionsly  normal,  rose  to  40°  C,  and  the  following  day  was  the  same, 
with  commencing  paresis.  The  symptoms  followed  the  usual  course, 
ftnd  the  rabbit  was  found  dead  on  the  morning  of  the  11th  day; 
the  daration  of  the  disease — ^between  four  and  five  days — showed  the 
ftnimal  to  be  very  robust  and  healthy,  consequently  a  most  favourable 
inbject  for  protection,  but  the  shortness  of  the  incubation  period — 
fte  test  rightly  applied  by  M.  Pasteur  to  the  activity  of  the  virus — 
pxoves  that  it  was  not  in  any  wise  modified  by  any  refractoriness  in- 
duced in  the  animal  by  the  previous  inoculation  ;  and  1  think  it  must 
beooncluded  from  these  experiments  that  the  method  followed,  essen- 
tially in  accordance  with  M.  Pasteur*s  last  published  rapid  methodi 
i>)  as  iAT  as  rabbits  are  concerned,  inefficient  to  confer  any  immunity 
against  subsequent  infection,  and  dangerous  as  likely  to  produce  it. 

It  must,  howcTcr,  be  understood  that  M.  Pasteur  has  not  asserted 
in  bis  communications  to  the  Parisian  Academy,  that  rabbits  are 
capable  of  being  protected.     He  has  confined  his  statement  to  dogs. 

Protective  Inoculation  in  the  Dog, — The  dog  should  be  a  far  better 
s^ect  for  these  experiments  than  the  rabbit,  being  far  more  re- 
ivfc^t  to  septicaemia  and  saprsemia,  and  much  less   liable  to  those 
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accidental  affections,  parasitical  and  others,  by  which  the  latter  aai 
is  constantly  attacked  ;  moreover,  it  is  rightly  regarded  as  the  typi 
subject,  the /ons  et  origo  of  the  malady  here  under  investigation. 

Two  dogs  were  taken  for  this  trial,  the  one  a  mongrel  hound  c 
medium  size,  Pr.  No.  1,  the  other  a  rough  white  terrier,  Pr.  No. 
and  treated  as  follows  : 

1886,  October  4.  Both  were  injected  under  the  skin  of  the  bac^  J 
with  half  a  Pravaz  syringeful  (about  0*7  c.c.)  of  mashed  medulla  of  m 
rabbit  of  a  Pasteurian  series,  dried  thirteen  days. 

On  the  5th  October  0'4  c.c.  of  a  similar  cord  dried  11  days. 
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These  dogs  both  remained  unaffected  in  any  way  whatever,  and  on 
the  6th  November  the  first,  Pr.  No.  1,  had  the  fore-leg  shaved,  and 
was  bitten  by  a  rabid  street  dog,  the  teeth  of  which  penetrated  the 
skin  in  several  places,  drawing  blood,  the  saliva  also  was  evident  upon 
the  leg,  and  was  spread  with  a  scalpel  over  the  marks  of  the  teeth, 
and  where  the  skin  had  been  cut  in  shaving. 

This  dog  remained  perfectly  unaffected,  lively,  and  good-tempered 
for  more  than  four  months  after  being  bitten;  it  was  then  again 
inoculated  by  injection  into  the  tibial  vein  of  half  a  c.c.  of  active 
virus,  again  without  showing  any  symptoms  of  infection  up  to  this 
present  time  (twenty  days  after  inoculation).* 

At  the  same  time  a  fresh  dog,  a  rough  white  terrier,  D  10,  was 
similarly  inoculated  in  the  tibial  vein  with  the  same  virus;  this 
animal  also  remains  unaffected,  though  rabbits  inoculated  intra- 
cranially  from  the  same  cord  died  infected  in  the  asual  course.  This 
animal  is  obviously  strongly  refractory  to  infection. 

The  second  dog  inoculated  for  protection,  the  rough  terrier,  Pr. 
No.  2,  was  kept  under  observation  without  showing  any  disturbance 
till  the  24th  January,  1887,  when  it  was  inoculated  intracranially 
under  SBther,  with  a  full  quantity  of  the  mashed  spinal  cord  of  a 
rabbit  of  the  Pasteurian  series  recently  dead. 

Two  rabbits  were  similarly  inoculated  with  the  same  virus,  they 

•  P.S. — And  for  three  months  subsequently.    29/7/87. 
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ix>ih  died   with  usual  symptoms  of  infection,  after  an   incubation 
penod  of  0—  7  days. 

The  dog,  however,  after  recovering  from  the  effects  of  the 
inassthetic,  remained  perfectly  well  and  unaifected  in  any  way,  and 
appears,  as  the  first,  to  be  completely  refractory  to  infection  by  the 
xioBt  active  method  of  inoculation. 

From  these  two  cases  I  should  have  concluded  that  the  methods  of 
pirotective  inoculation  introduced  by  M.  Pasteur  were  successful  and 
efficient  in  dogs,  bat   the   cases   of  the   three   unprotected  animals 
described  (viz.,  D  8  and  D  9  supra,  and  D  10),  which  are  equally  re- 
fractory to  infection,  do  not  support  this  conclusion  as  a  result  of  the 
limited  number  of  my  experiments  upon  this  point.     The  virus  of 
nibbit  rabies,  almost  invariably  infective  by  intracranial  inoculation  to 
finals  of  that  species,  would  appear  to  be  less  certain  in  its  action 
^pOQ  dogs,  and  it  is  only  by  the  results  of  a  series  of  numerous  com- 
parative experiments  that  a  final  conclusion  can  be  formed,  whether 
these  methods  have  or  have  not  any  efiect  in  increasing  the  constitu- 
uonal  refractoriness  of  the  dog  to  infection  with  rabies.    I  would  add, 
liowever,  that  it  appears  to  me  from  the  more  numerous  recorded  expe- 
riments of  others  upon  dogs,  viz.,  those  of  Professor  Frisch,  of  Vienna, 
*nd  those  of  Professor  Horsley  at  the  "  Brown  Institution,'*  exclusive 
of  those  on  an  extended  scale  by  M.  Pasteur  himself,  in  all  of  which 
infection  seems  to  have  been  invariably  produced  by  intracranial  in- 
ocalHtion,  that  the  principle  of  protection  is  established,  and  that  in 
some  cases  at  least,  judged  by  the  results  of  comparative  experiments, 
increased  refractoriness  to  infection  in  the  dog  is  produced  by  the 
methods  indicated,  which  is  as  much  as  could  be  expected  or  hoped 
for,  immunity,  as  above  remarked,  being  always  merely  relative. 

With  regard  to  the  protective  inoculation  of  man,  the  end  and 
object  of  M.  Pasteur's  work,  this  cannot  be  conclusively  judged  by 
the  result  of  experiments  upon  the  lower  animals  of  widely  different 
constitution;  for  in  the  rabbit  and  the  dog  its  effect  is  very  dissimilar; 
aU  that  this  can  do  is  to  establish  or  disprove  the  principle  of  the 
niethod.  It  is  by  the  statistics  of  the  treatment  in  man  that  it  must 
^  jndged.  These  will  no  doubt  be  examined  exhaustively  by  the 
Parliamentary  Commission  now  sitting. 

Taking,  however,  the  accounts  last  published  ('  Comptes  Bendus,' 
2*th  January,  1887)  in  which  the  number  of  patients  treated  is  stated 
^  2682,  and  the  deaths  amongst  them  from  all  causes  31,  or  only 
1*15  per  cent.,  it  appears  probable  that  the  treatment  has  been  suc- 
^^ful  in  at  least  some  cases,  since  all  published  statistics,  widely  as 
they  vary,  give  a  mortality  from  the  bites  of  rabid  dogs  much  in 
«cew  of  this. 

^nt  beyond  this,  inasmuch  as  the  last  injection  in  each  course  is 
'"^  by  Pasteur  with  virus  dried  for  one  day  only  and  not  maitAtvabVV^ 
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or  at  all  modified,  this  would  presumably  be  infective  in  a  oonsideraUe 
proportion  of  cases  unless  the  patients  were  protected  bj  the  pre- 
ceding inoculations. 

I  cannot,  however,  as  above  stated,  avoid  the  conclusion  that  the 
rapid  method  of  inocalation  is  dangerous.  This  opinion  is  confirmed 
by  the  experiments  of  Professor  Frisch,  of  Vienna,  the  only  inde- 
pendent investigation  of  these  methods  yet  recorded.* 

The  statistics  of  his  treatment  must  very  shortly  show  whether 
the  mortality  amongst  his  patients  has  or  has  not  increased  since  the 
practice  of  his  intensive  methods. 

Within  the  last  few  days,  too,  since  the  above  was  written,  this 
opinion  of  the  danger  of  infection  from  the  intensive  or  rapid 
method  of  treatment  is  strengthened,  by  a  report  published  in  the 
current  number  of  the  '  Annales '  of  the  Pasteur  Institute,  by  Dr* 

*  His  first  report  ('  Wiener  Med.  Wochenschr./  1886,  April  24th,  No.  17)  in  the 
main  confirmed  the  results  of  M.  Pasteur ;  twelve  dogs  protected  by  the  original 
method  resisted  intravenous  injection  of  acute  virus,  while  three  out  of  six  control 
animals  were  infected. 

In  a  second  report  (ib.,  7th  August,  1886,  No.  32) ,  of  sixteen  rabbits  inoculated 
bj  trephiniug,  with  fifteen  of  which  preventive  inoculations  were  commenced  imme- 
diately afterwards,  and  continued  daily  for  eighteen  days,  all  save  two  died  infected. 

M.  Pasteur  having  attributed  this  unfavourable  result  to  the  inocoIationB  having 
followed  one  another  too  slowly,  and  recommended  his  rapid  or  intensive  method 
('  Comptes  Kendus,'  2nd  November,  1886),  Professor  Frisch  repeated  his  experi* 
ments  on  a  larger  scale,  following  the  new  method  of  inoculation,  with  almost 
uniform  failure,  and  consequently  concludes  decidedly  that  this  is  dangerous. 

Nor  can  I  overlook  a  case  in  man,  all  the  stages  of  which,  both  before  and  after 
his  treatment  by  the  rapid  method  of  M.  Pasteur,  wero  within  my  own  observation. 
It  is  that  of  Joseph  Smith,  or  Gk>iR,  of  this  Institution,  already  noticed  in  different 
journals.  He  was  bitten  sharply  on  the  hand  by  the  furiously  rabid  cat  above 
mentioned ;  within  a  few  minutes  the  wounds  were  well  washed  under  the  tap, 
sucked  by  himself,  and  then,  together  with  his  mouth,  washed  with  a  strong  solu- 
tion of  permanganate  of  potash,  again  with  water,  and  then  thoroughly  ts^eated 
with  anhydrous  carbolic  acid — absolute  phenol.  Shortly  afterwards  the  pans  bitten^ 
were  excised  under  chloroform.  The  same  night  lie  was  taken  to  Paris,  and  th» 
following  day  his  treatment  by  M.  Pasteur's  intensive  method  commenced. 

Shortly  after  the  completion  of  the  course  and  his  return  home,  he  developed. 
symptoms  of  spinal  paralysis  and  died  under  circumstances  which  suggested  th9 
probability  of  his  having  been  infected  by  rabbit  virus.  A  report  of  the  case  will,  "C 
believe,  shortly  be  published  by  those  who  had  charge  of  it. 

The  wounds  caused  by  the  bite  were  thoroughly  cauterised  so  shortly  af terwardf^ 
that  there  was  certainly  every  prospect  of  his  escaping  infection  fram  that  souroe* 
The  symptoms  developed  and  other  circumstantes  seem  to  point  clearly  to  the  cir- 
cumstance of  his  having  been  infected  by  subsequent  inoculation,  and  not  by  the 
original  bite.  The  incubation  period  in  the  rabbits  which  were,  I  believe,  inoculated^ 
from  his  medulla,  will  settle  this  conclusively.  It  must,  however,  be  remarkedl 
that  he  was  debilitated  during  the  treatment  in  Paris  by  the  effects  of  intemper- 
ance, and  consequently,  no  doubt,  rendered  more  susceptible  to  infection  by  th^ 
JnooulAtions  to  which  he  was  subjected  there. 
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Baidach,  Director  of  the  Baoteriological  Institnte  at  Odessa,  where 
of  15  dogs  inoculated  intracranially  with  Ijssic  vims  from  different 
8001068,  and  immed lately  afterwards  subjected  to  protective  inocula- 
tum  by  M.  Pasteur's  intensive  method,  6  developed  rabies,  9  surviving. 
Of  6  control  animals,  umilarl j  infected,  all  died.  Of  the  6  protected 
animals  that  died,  3,  as  is  shown,  were  infected  with  paralytic  rabbit 
rabies,  the  result  of  the  subcutaneous  inoculations  ;  again  showing  the 
dangersof  this  method.  The  proportion,  too,  of  the  survivors,  9  out 
of  15,  or  60  per  cent,  is  not  favourable. 

IX.  The  Action  of  some  Drugs  upon  Infection, 

The  various  substances  and  measures  that  have  been  tried  as 
ramedies  for  rabies  are  innumerable,  from  viper*s  venom  to  plain 
vater;  from  time  to  time  certain  cases  of  cure  have  been  announced, 
hat  a  large  proportion  of  these  may  obviously  be  accounted  for  by  the 
ftlMence  of  infection ;  others  in  which  distinct  symptoms  of  the 
disetse  are  recorded  are  more  difficult  to  dispose  of,  though  some  of 
them  in  man  probably  were  not  true  hydrophobia  or  lyssa, 
but  a  nervous  or  hysterical  affection  simulating  its  symptoms, — 
Ijnophobia. 

In  investigating  the  action  of  drugs  upon  animals  infected  with 
tiuB  vims,  it  appeared  to  me  that  two  methods  of  treatment  might  be 
foUowedy  the  one  to  endeavour  to  destroy  the  virus,  almost  certainly 
a  micro-parasite,  by  the  administration  of  a  germicide  ;  the  other,  to 
treat  the  symptoms  developed  with  appropriate  remedies,  and  by  the 
Qfle  of  tonics  and  stimulants  to  enable  the  animal  to  survive  the 
Attack,  when,  as  in  other  cases,  the  vims  would  have  exhausted  itself 
ttd  died  out.  The  explicit  statement  of  M.  Pasteur  (vide  infra)^ 
^t  spontaneous  recoveiy  in  dogs  does  sometimes  occur,  seemed  to 
<iSer  some  prospect  of  success  by  this  method. 

I  naturally  commenced  with  bichloride  of  mercury,  as  being  not 
0%  the  most  powerful  germicide  known,  but  also  almost  equally 
actiye  as  an  antizyniotic,  in  the  combination  of  these  two  qualities 
standing  quite  alone ;  it  has,  too,  lately  been  stated  that  Dr.  Tiieodore 
^4ah  had  found  it  a  prophylactic  against  infection  with  anthrax 
^itociilated  subsequently  to  its  use.  I  had  thus  some  hopes  of  its 
efficacy  in  rabies. 

I  found  that  G  to  7  tenths  of  a  milligram  was  about  the  maximum 
^  that  could  be  safely  given  to  a  medium-sized  rabbit;  con- 
■Bqnently  I  iuoculated  one,  26/9/86,  intracranially  with  active 
^T<U,  and  three  hours  afterwards  injected  subcutaneously  2  minims  of 
f  per  cent,  solution  of  bichloride  of  mercury ;  this  was  continued 
^7,  with  the  interval  of  one  Sunday.  The  animal  was  unaffected 
^•ny  way  till  the  9th  day,  when  the  temperature  rose  to  4V'iL*  G.^ 
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paresis  with  the  nsnal  symptoms  of  infection  was  observed,  and  il 
died  on  the  12th  day  with  charaeteristio  appearances. 

In  the  control  animal,  infected  in  similar  manner,  the  incnbatioi 
period  was  of  exactly  the  same  length,  and  it  died  on  the  same  da^ 
as  the  one  treated  with  snblimate,  which  had  been  therefore  obviond; 
inoperative  in  this  case  to  destroy  or  in  any  wise  modify  the  action  o 
the  vims.  Had  it  only  prolonged  the  incnbation  for  a  few  boon  i 
wonld  have  encouraged  farther  trial,  but  with  the  result  her 
obtained  I  saw  no  object  in  this. 

Benzoic  acid  is  recognised  as  a  powerful  germicide:  Grahaz 
Brown  ('  Archiv  Exper.  Pathol.,'  vol.  8,  p.  144)  found  its  soda-sal 
remarkably  destructive  to  the  vims  of  diphtheria.  Rabbits  will  tak 
considerable  quantities  of  this — ^benzoate  of  soda — continued  fo 
several  days,  without  any  ill  effects. 

A  rabbit  inoculated  intracranially  with  rabies,  15/9/86,  on 
hour  afterwards  received  by  subcutaneous  injection  1  c.c.  of  : 
saturated  solution  of  the  salt,  which  was  repeated  daily;  on  th 
seventh  day  the  animal,  much  wasted,  showed  symptoms  of  infectioz 
with  paresis  and  rise  of  temperature ;  it  died  on  the  afternoon  of  th 
9th  day  with  well  -marked  characteristic  appearances.  In  a  contrc 
rabbit  similarly  inoculated  the  incubation  period  was  one  day  longe 
than  in  the  animal  treated  with  the  benzoate,  and  it  died  about  twelv 
hours  later.  Here,  too,  the  drug  obviously  had  no  beueficial  actioz 
and  even  seemed  to  tend  to  shorten  the  incubation  period,  and  asaic 
the  activity  of  the  virus. 

I  next  tried  iodine,  as  an  active  germicide,  dissolving  it  in  a  solii 
tion  of  potassic  iodide.  I  found  subcutaneous  injections  of  2  cgrnu 
of  iodine  were  borne  well,  which  is  a  matenally  larger  quantity  reli 
tively  to  their  weight  than  the  established  done  lor  man.  AccordingI 
a  rabbit  was  inoculated  with  active  lyssic  virus,  25/10/86,  and  a 
hour  afterwards  1  cgrm.  of  iodine  in  solution  was  injected  subct 
taneously ;  this  was  repeated  on  the  three  following  days,  when  tb 
quantity  was  increased  to  2  cgrms.  On  the  afternoon  of  the  7th  daj 
however,  paresis  appeared,  and  the  temperatui'e  rose  to  40* 7*  C,  an 
on  the  morning  of  the  10th  day  the  animal  was  found  dead,  wit 
post-mortem  appearances  that  were  quite  characteristic.  In  a  contrc 
animal  inoculated  at  the  same  time  the  incubation  period  was  similai 
and  it  died  about  eighteen  hours  after  the  first . 

Thus  iodine  appeared  as  inert  as  the  substances  previously  tried  i 
its  action  on  the  vims. 

The  next  remedy  that  suggested  itself  was  chloral  hydrate.     Thi 

is  not  only  a  powerful  germicide  but  has  been  often  recommended  a 

having  a  specific  action  upon  the  symptoms  in  rabies,  acting  direct!; 

upon  the  brain  and  spinal  cord.     Babbits  will  take  enormous  dose 

of  this;  4  grammes  even,  in  an  average  rabbit,  fre<\uently  prodnoinj 
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bat  partial  narcosis,  and  after  a  few  honrs  no  disturbance  what- 
ever. 

A  rabbit  infected  in  the  usual  manner,  30/10/86,  one  hour  after- 
wards was  injected  with  1  grm.  chloral   hydrate;  this  qaantitj  was 
repeated  daily  till,  on  the  7th  day,  the  animal  was  found  to  be  para- 
lysed, hot  most  unusually,  the  fore  limbs  were  affected  more  strongly 
than  the  hind  ;  the  usual  rise  of  temperature  was  absent  or  escaped 
observation ;  it  was  fonnd  dead  on  the  following  morning,  the  9th  day. 
A  control  rabbit  similarly  inoculated,  after  an  incabation  period  of 
between  eight  or  nine  days,  died  on  the  12th  day  ;  another  with  an 
incabation  period  of  eight  days  died  on  the  11th. 

This  result,  though  not  favourable  to  the  protective  action  of  chloral 
hydrate,  yet  seemed  to  point  to  a  modifying  action  on  the  virus  in 
Bome  respects.  I  had  also  observed  the  results  of  previous  experi- 
ments which  seemed  to  lead  to  the  same  conclusion.  On  the  31st 
Jaljf  1886,  a  strong  gray  rabbit  that  had  been  partially  narcotised  by 
the  subcutaneous  injection  of  about  3  grms.  chloral  hydrate,  was 
inocnlated  intracranially  with  infective  medulla;  this  animal  re- 
mained quite  unaffected  till  the  28th  October,  when  it  was  found  to 
be  partially  paralysed  with  a  falling  temperature  ;  it  died  on  the  30th 
October ;  the  post-mortem  appearances  were  well  marked  and  unmis- 
tabble. 

Again,  in  an  experiment  previously  refeiTed  to,  a  large  rabbit  was 
narcotised  by  the  injection  of  3  grms.  of  the  same  salt,  and  then 
inocnlated  intracranially  from  the  medulla  of  a  rabid  street  dog.  On 
the  5th  day  partial  paraplegia  was  apparent,  but  no  rise  in  tempera- 
tare,  which,  however,  may  have  occurred  previously  and  fallen  again ; 
^e  animal  continued  to  feed  well,  and  towards  the  10th  day  appeared 
tebe  recovering,  which  it  gradually  did,  and  remained  well  till  tho 
22nd  day,  when  it  was  found  dead — any  previous  recurrence  of 
syifiptoms  not  being  observed.  The  post-mortem  appearances  were 
i^markably  distinct  and  diagnostic ;  there  could  be  no  doubt  that  it 
^  of  paralytic  rabies. 

As  these  were  the  only  anomalous  cases  with  intracranial  inocula- 
"Ong  of  intensified  rabbit  virus,  as  regards  the  incubation  period,  that 
^  bd  bad  up  to  this  time  out  of  upwards  of  sixty  cases,  it  appeared 
^  me  that  the  results  described  in  two  instances  could  not  be  due  to 
^we  chance,  and  must  be  owing  to  the  action  of  the  drug  previously 
^wniuistered.     I  therefore  continued  experiments  with  it. 

To  another  rabbit  inoculated  intracranially  with  active  virus, 
^  gramme  of  chloral  hydrate  in  solution  was  injected  daily  for  seven 
"*78;  general  paralysis  was  then  observed,  but  again  the  rise  of  tem- 
perature, usually  one  of  the  first  symptoms,  was  not  noticed,  being 
{"^bably  inhibited  by  the  action  of  the  drug ;  the  animal  died  on  the 
following,  the  8th  day. 
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Two  other  rabbits  similarly  inoculated  for  control  showed  inonba- 
tion  periods  of  rather  longer  duration — eight  to  nine  dajs,  living  till 
the  12th  and  15th  days  respectively ;  the  drug  in  this  case  had  no 
efiPect  in  prolonging  the  incubation  period  or  in  modifying  the  symp* 
toms.  Again,  to  another  rabbit  infected  in  the  usual  manner,  a  smaller 
quantity  of  chloral — half  a  gramme — was  given  by  injection  daily  till 
the  9th  day,  when,  as  in  former  cases,  incipient  paresis  appeared, 
but  not  as  usual,  commencing  in  the  hind  limbs,  the  fore  limbs  being 
first  strongly  atfected,  in  marked  contrast  to  the  regular  course  of  the 
symptoms;  there  was  again  no  rise  of  temperature;  the  animal 
gradually  wasted,  general  paresis  became  complete,  and  it  died  on  the 
11th  day. 

Two  control  rabbits  similarly  inoculated  showed  incubation  periods 
respectively  of  between  four  and  five  and  seven  and  eight  days,  dying 
on  the  6th  and  11th  days. 

In  this  case  the  action  of  the  drug  certainly  modiBed  the  symptoms 
and  possibly  delayed  their  development  and  fatal  termination: 
another  rabbit,  therefore,  inoculated  intracranially  from  a  rabid  dog 
was,  from  the  second  day  after  inoculation,  treated  daily  with  chloral 
hydrate  in  quantities  of  from  half  a  gramme  up  to  3  grammes  till  the 
7th  day  ;  on  the  9th  day  the  animal  was  weak  and  losing  condition,  bat 
without  any  symptoms  of  specific  infection,  and  there  was  no  rise  of 
temperatare.  It  now  received  1*5  grm.  bisulphate  of  quinine  witbont 
any  obvious  efEect.  On  the  following  day,  morning  and  evening, 
0*2  mgrm.  bisulphate  of  strychnia,  and  subsequently  0*3  mgrm.  was 
given  till  the  12th  day,  when  paresis  commenced,  and  the  animal  was 
obviously  sinking,  but  without  showing  the  usual  course  of  tempera- 
ture; it  died  on  the  17th  day  with  very  well-marked  post-mortem 
appearances.  The  control  animals  similarly  inoculated  showed  incu- 
bation periods  of  17  and  20  days,  dying  both  on  the  21st  day ;  so 
that  here  again  the  action  of  the  drug  was  unfavourable,  and  I  was 
forced  to  conclude  that,  whatever  effect  it  may  have  when  admini- 
stered previously  to  inoculation,  when  given  subsequently  it  has  no 
beneficial  action  at  all. 

Terebine  is  highly  extolled  as  an  antiseptic  and  as  a  remedy  in 
many  virulent  diseases.  Mixed  1  part  with  4  of  olive  oil,  it  may  be 
given  to  rabbits  by  subcutaneous  injection  of  even  1  c.c.  without 
disturbance.  Accordingly  after  infection  I  gave  a  rabbit  daily,  morn- 
ing and  evening,  0*5  c.c.  of  terebine  in  olive  oil.  On  the  10th  day, 
however,  it  was  found  paralysed,  with  a  fall  in  temperature,  and  died 
during  the  11th  day. 

A  control  animal  showed  no  symptoms  till  the  12th  day,  and  lived 
till  the  15th. 

I  tried  this  drug  again  with  another  rabbit,  using  larger  doses,  Itfit 
irith  a  similarly  unsatisfactory  result. 
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I  Ziezt  tried  carari.     The  action  of  this  on  healthy  rabbits  is  some* 
wh&t  ancertainy  a  quantity  of  the  same  solation  that  at  one  time  is 
borne  without  disturbance,  at  another  being  rapidly  fatal.     I  found 
that  about  0*3  mgrm.  of  the  sample  I  had  and  of  the  solution  as  I 
made  it  was  the  maximum  quantity  that  could  be  safely  employed.   To 
a  rabbit  inoculated  sub-durally  with  infective  medulla  I  injected  sub- 
cutaiieously  0*2  mg^m.  on  the  5th  day,  and  subsequently  0*3  mgrm. 
daily ;  the  animal  was  unafiPected  till  the  morning  of  the  14th  day, 
when  it  was  found  weak  in  the  hind  limbs,  the  bodily  temperature 
haying  fallen  to  35*4i°  G.     It  died  on  the  same  day  shortly  after  injec- 
tion of  0*3  mg^m.  curari.     A  control  animal  showed  an  incubation 
period  of  only  nine  days,  and  was  found  dead  on  the  morning  of  the 

In  this  case  the  curari  appeared  to  protract  the  incubation  period 
and  prolong  the  life  of  the  animal ;  I  therefore  repeated  the  experi- 
ment with  the  drug,  giving  smaller  quantities  administered  more 
freqnently. 

To  a  rabbit  inoculated  4th  December,  1886,  O'l  mgrm.  curari  was 
injected  on  the  4th  day.  On  the  5th.  morning  and  evening,  0*15  mgrm., 
uid  snhsequently  0*15  mgrm.  till  the  lObh  day,  when  the  temperature 
Ittd  fallen  to  38^  G.  and  paresis  was  apparent,  but  contined  to  the  fore 
limbs.  Injection  of  the  same  quantity  of  curari — 0*15  mgrm. — which 
hitherto  had  been  without  any  appreciable  effect  on  the  animal,  now 
greatly  depressed  it,  within  a  few  minutes  of  administration  ;  the 
.next  day  it  was  completely  paralysed  and  died  towards  the  middle  of 
the  12th  day. 

In  two  control  animals  similarly  inoculated  the  incubation  period 
was  in  each  9  days ;  the  one  was  then  killed  for  another  experiment, 
the  other  died  on  the  11th  day.  In  this  case  the  drug  given  more 
^nently,  but  in  the  same  aggregate  quantity  daily,  had,  if  any,  but 
a  very  slight  effect  on  the  action  of  the  virus  in  prolonging  the 
incubation  period  or  its  fatal  termination,  and  did  not  appear  to 
warrant  further  ejq^eriments  with  it,  the  more  especially  as  I  found 
that  even  smaller  quantities  of  curari  than  those  I  had  given  wei*e 
^gerous,  two  rabbits  of  average  size  having  been  killed,  the  one  by 
injections  twice  in  the  day  of  0*13  mgrm.,  the  other  by  a  single  injec- 
tion of  0100  mgrm. 

I  Qsed  the  drug  in  1  per  cent,  solution,  freshly  made  by  carefully 
tntorating  it  with  cold  water  only. 

Salol,  salicylate  of  phenol,  is  a  drug  recently  introduced,  which 
^m  its  constitution  should  be  a  powerful  germicide.  Dissolved  in 
ohve  oil,  1  part  in  5,  and  injected  subcutaneously,  1  found  it  was 
borne  very  well  in  moderate  quantities  by  rabbits.  I  consequently 
^'^ed  a  rabbit,  inoculated  with  the  virus  of  rabies,  by  giving  it 
0*2  gnn,  of  salol  twice  daily  during  the  incubation  period^  but  as 
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compared  with  a  control  animal  I  found  no  benefit  resulting  from  its 
use.  I  tried  it  again  in  another  case  in  much  increased  quantities, 
but  with  no  better  results. 

I  had  thus  tried  divers  agents,  and  the  most  powerful  germicides 
with  which  I  am  acquainted,  without  the  effects  of  infection  being 
counteracted  or  modified,  ana  could  see  no  prospect  of  protection  by 
their  use.  The  other  method  proposed  above  to  counteract  or  f^hable 
the  animal  to  resist  the  resalt  of  infection,  was  by  the  administration 
of  general  tonics,  or  specific  therapeutical  agents. 

I  found  that  quinine  in  comparatively  large  doses  (0*3  g^rm.) 
frequently  repeated,  had  no  appreciable  tonic  action,  and  in  fact,  was 
inert  upon  rabbits.  Strychnia  does  seem  so  to  act  to  some  extent^  in 
minute  doses,  which,  however,  must  be  continued  for  several  days  to 
produce  any  beneficial  effect ;  its  stimulating  action  upon  the  spinal 
cord,  and  its  specific  effect  in  spinal  paralysis,  is  well  established,  and 
recommended  it  for  the  ti'eatment  of  rabies  in  the  rabbit,  in  which  the 
stage  of  excitement  is  very  slight  and  transient. 

I  found  that  cocaine  acts  very  markedly  and  quickly  as  a  general 
tonic  in  the  rabbit;  an  animal  to  which  the  hydrochlorate  is  given 
frequently,  in  quantities  of  from  ^  grain  to  1  grain  or  more,  within  a- 
few  days  improves  much  in  condition,  with  an  increase  of  several  per 
cent,  of  body  weight,  and  an  apparently  increased  appetite;  even 
the  smaller  quantity,  however,  sometimes,  but  uncertainly,  produced 
temporary  excitement  and  general  hypercesthesia. 

After  preliminary  trials  I  gave  a  rabbit,  on  the  4th  day  after  infec-. 
tion,  5  minims  of  a  10  per  cent,  aqueous  solution  of  cocaine  hydro- 
chlorate,  equal  to  about  0*04  grm.  of  the  salt,  and  subsequently  the 
same  quantity  morning  and  evening ;  between  the  9th  and  the  10th 
days  symptoms  of  infection  appeared,  and  the  animal  was  found 
dead  on  the  11th  day,  the  length  of  the  incubation  period  and  the 
time  of  death  being  precisely  the  same  as  in  two  control  animals 
inoculated  at  the  same  time. 

To  another  rabbit  similarly  inoculated,  I  also  gave  on  the  4tb  day 
about  the  same  quantity  (0*04  grm.)  of  this  salt,  repeating  it  sub- 
sequently twice  daily  till  the  10th  day,  when  in  the  control  animals 
similarly  infected  the  first  symptoms  had  appeared ;  the  cocaine  was 
then  alternated  with  0*2  mgrm.  of  strychnia  bisulphate,  but  without 
efiect,  and  the  animal  died  at  the  same  time  as  its  companion. 
Another  case  in  wliich  I  gave  strychnia  for  a  longer  period  was  as 
follows  :  a  rabbit  inoculated  intracranially  from  the  medulla  of  a 
rabid  dog,  9th  November,  1887,  received  daily  from  the  7th  day,  -J  to 
3  grammes  chloral  hydrate;  on  the  9th  day  O'l  mgrm.  quinine  bisul- 
phate, and  from  the  following  day,  twice  daily,  0*05  to  0*075  mgrm. 
strychnia  bisulphate.  The  access  of  the  first  symptoms  was  not  well 
marked  either  in  this  animal  or  in  two  others  similarly  inoculated. 
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Imt  the  former  died  on  the  morning  of  the  18th  day,  and  both  the 
others  on  the  2l8ty  so  that  here  again  there  was  no  benefit  from  the 
action  of  the  drag,  but  apparently  the  reverse. 

AUjl  alcohol  has  been  saggested  as  a  powerful  germicide ;  I  there- 
fore tried  ile  action  upon  rabbits,  bat  1  foand  it  so  rapidly  and  fatally 
tosdoal,  eyen  in  the  most  minate  qaantities,  that  no  benefit  coald  be 
expected  from  its  action. 

Urethan  (carbamate  of  ethyl)  has  been  recommended  for  its  action 
on  the  spinal  cord;  I  therefore  tried  it,  giving  it  sabseqaently  to 
infection,  bat  the  resnlt  was  equally  negative. 

Babbits  are  singularly  tolerant  of  atropine,  even  1  gramme  of  the 
solphate  given  saboataneonsly  often  having  no  apparent  action  upon 
them.  It  could  not  therefore  be  expected  to  modify  the  symptoms. 
Moreover,  Youatt*  had  tried  the  effect  of  belladonna  extensively  upon 
dogs  infected  with  rabies,  and  though  at  first  he  had  hopes  of  its 
efficacy,  these  were  disappointed,  and  he  ultimately  found  it  useless. 

I  have  also  tried  the  action  of  arsenic  upon  rabbits.  In  the  dog,  given 
as  arsenite  of  potash,  it  is  a  well-known  and  active  tonic  alterative. 
In  man,  too,  and  the  horse  it  is  osed  in  some  countries,  with  the  result 
of  increasing  strength  and  endurance.  In  the  rabbit,  however,  1  could 
peroeiye  no  beneficial  result  from  its  administration,  though  the 
animal  is  very  tolerant  of  it,  and  it  takes  large  quantities  propor- 
tionately to  its  weight  without  showing  any  symptoms  of  disturbance ; 
I  have  not  consequently  tried  its  efiPect  upon  the  viros  of  rabies. 

In  order  to  ascertain  conclasively  whether  the  bichloride  of  mercury, 
chloral,  benzoate  of  soda  or  iodine  had  any  toxical  or  inhibitory  action 
upon  the  viros  itself,  though  not  modifying  the  symptoms  it  produces, 
odier  rabbits  were  inoculated  intracranially  from  the  medullas  of  the 
animals  that  had  been  subjected  to  their  influence ;  in  every  instance 
they  died  infected,  without  any  modification  of  the  symptoms  or  the 
length  of  the  incubation  period,  showing  that  these  drugs  had  no 
action  at  all  upon  the  virus. 

Thus  germicides,  the  most  active  tonics  that  I  could  find  for  the 
animal  experimented  upon,  together  with  drags  acting  specifically 
apon  the  spinal  cord,  were  one  and  all  inert  materially  to  inhibit  or 
modify  the  resnlt  of  infection ;  but  though  none  may  be  found  that 
can  do  so  in  the  rabbit,  this,  however,  may  not  apply  to  other  species 
very  differently  constituted,  and  it  appears  to  me  that  of  the  many 
asserted  cases  of  cure  or  recovery  from  this  disease  both  in  man  and 
the  dog,  many  of  which  rest  apparently  upon  the  best  authority,  some 
at  least  are  authentic. 

To  take  one  sach  instance  in  man,  the  case  of  Offenberg  which  he 
treated  by  curari  (reported  in  the  'Med.  Times  and  Oasette,'  6th 

•  '  On  GMiine  Msdneiv/  bj  William  Youatt,  M.R.C.V.^.,  Ijoadoa, \^»^. 
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October,  1877),  where  a  ooantry  girl,  21  years  of  age,  faittea  bj  a  dog 
sTiBpected  of  rabies  28th  July,  1874,  admitted  into  the  hospital  at 
Wickrath  in  Rhenish  Prassia,  on  the  80th  day  developed  sympionu 
of  hydrophobia,  spasms  in  attempting  to  drink,  followed  by  the  nsnal 
oonrse  of  symptoms.  She  was  excited  by  light,  with  hypersBsthaaia  of 
the  senses  of  smell  and  tonch.  Morphia  and  chloi'oform  were  without 
effect ;  she  was  then  treated  with  freqnent  sabcataneons  injeotionB  of 
cnrari,  to  the  point  of  commencing  general  paralysis  of  the  volimiairj 
moscles ;  after  being  for  two  honrs  under  the  influence  of  the  drug  the 
symptoms  of  hydrophobia  gradually  disappeared  and  the  patient 
ultimately  recovered. 

It  is  not  probable  that  in  this  case  the  symptoms  were  merely 
simulative  or  hysterical  (lyssophobic).     The  photophobia  and  hyper« 
89sthesia  of  the  sense  of  smell  and  touch  do  not  favour  that  view ;  the    ^ 
patient,   a  peasant  girl,  was   very  unlikely  to  have  heard  of  ihe^ 
occurrence  of   these  symptoms,   or  to  have  been  apprehensiTe  o^= 
them. 

This  is  one  case  out  of  several  in  which  it  does  not  seem  to  me  thaW 
there  is  reason  to  doubt  the  fact  of  recovery,  though  it  may  well  bttr 
that  a  method  of  treatment  successful  in  one  case  would  &il  ia 
another,  or  very  possibly  even  aggravate  the  symptoms,  owing  Up 
their  great  diversity. 

With  regard  to  dogs,  the  records  of  cure  or  recovery  are  veij 
numerous.  To  take  one  instance;*  rabies  having  broken  out  in  a 
pack  of  hounds,  Dr.  James,  relying  on  the  action  of  mercury,  treated 
two  hounds  which  had  both  developed  symptoms  of  infection,  with 
turpeth  mineral  (the  yellow  subsulphate  of  mercury).  The  one 
recovered,  the  other  died.  It  was  also,  he  states,  sucoessfiilly  employed 
in  other  cases,  both  in  man  and  dogs. 

Here  it  was  improbable  that  the  symptoms  and  nature  of  the 
outbreak  could  have  been  mistaken;  misrepresentation,  too,  is  pre* 
eluded  by  the  fact  that  in  a  pack  of  hounds  all  the  circumstanoee 
affecting  them  would  be  perfectly  well  known. 

The  statements  of  M.  Pasteur,  too,  which  in  a  matter  of  fact  ma/ 
be  implicitly  relied  upon,  appear  to  me  conclusive  upon  thia  pointi. 
He  states  distinctly  (*  Comptes  Bendus,'  vol.  95,  p.  1187)  that  he  has 
seen  some  cases  of  *'  spontaneous "  recovery  in  dogs,  after  the  first 
symptoms  have  appeared,t  though  never  after  the  severe  aymptoms, 
and  (loc,  ciL,  25th  February,  1884)  that  recovery  is  frequent  in 
fowls. 

From  this  it  appears  to  me  that  this  disease  is  not  neceaaarilj 
incurable  in  man  and  the  dog,  though  the  symptoms  are  so  different 

•  « PhU.  Trans.;  toI.  39  (No.  441,  1786),  p.  244. 

t  He  adds  that  he  has  aUo  seen  cases  of  partial  reooTcry  and  subsequent  relapse 
after  some  months,  followed  by  death. 
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in  difnmit  cases  that  it  xnaj  well  be  that  treatment  which  in  one  is 
SQOoenfol  wonld  fail  in,  or  even  agg^vate  another ;  and  it  seems  to 
me  Teiy  desirable  that  the  effect  of  varions  therapeatical  agents  upon 
tlie  dog  should  be  investigated  by  those  who  haye  ihe  opportanitj 
iod  indacement  to  do  so,  thongh  with  this  animal  it  obviously  requires 
Bpecial  methods,  appliances,  and  precautions. 

I  oannot  conclude  this  portion  of  the  subject  without  expressing  my 
B^rong  opinion  that  for  us  in  our  insular  position,  remedial  measures 
ought  to  be  entirely  unnecessary ;  to  stamp  out  rabies  and  hydro* 
I^bis  throughout  England  nothing  more  is  required  than  an  order 
V^e  Privy  Council,  rigorously  enforced,  for  the  muzzling  of  all 
4(^  throughout  the  country  for  a  sufficient  period.  Of  the  efficacy 
^this  there  can  be  no  doubt. 

In  the  Metropolitan  district  we  see  its  eflects  in  the  disappearance 
tiotn  tiie  streets  of  rabies,  and  of  the  cases  of  hydrophobia  from  the 
Iiospitals,  lately  so  prevalent  and  calamitous ;  unfortunately,  however, 
this  can  only  be  temporary,  as,  under  existing  conditions,  the  disease 
will,  sooner  or  later,  be  again  introduced  from  other  parts  where  these 
aons  have  not  been  enforced.* 


X.  Nature  of  the  Virtu. 

Though  nothing  can  be  said  to  be  positively  known  of  the  intimate 
natoTB  of  the  virus  of  rabies,  it  has  been  considered  by  many  observersf 
that  it  must  be  a  micro-organism.  Its  evident  powers  of  multi- 
plication and  reproduction,  with  the  extreme  length  of  its  incubation 
period,  alone  go  far  to  prove  this.  It  is  impossible  to  conceive  that  a 
soluble  or  chemical  poison,  or  ferment,  should  remain  latent  and 
nnaltered  in  the  animal  body  for  so  long  a  period,  then  at  once 
becoming  active  should  multiply  itself  throughout  the  tissues, 
rendering  them  infective  to  other  animals  in  the  most  minute 
quantities. 

In  the  supposed  discoveries  of  a  specific  microbe  in  the  saliva  of 
rabid  animals,  it  has  merely  been  one  of  the  many  saprophytes  always 
present  therein,  bat  which  was  not  familiar  to  the  observer ;  and  it  is 
intibable,  from  the  uncertain  result  of  inoculation  with  this  secretion, 
that  the  virus  is  present  in  it  in  very  small  quantities,  and  conse- 
quently, though  particulate,  would  be  exceedingly  difficult  of  observa- 
tion with  the  microscope. 

•  PJ8. — ^Already  eren — 7/6/87 — since  the  ttbove  was  written  this  apprehension  is 
realised ;  the  police  reports  for  April,  just  issued,  showing  a  recrudescence  of 
■tareet  rsbies  in  the  district. 

f  Mhj  BaUier,  *  Zeitschr.  f.  Parasitenlunde,*  toI.  1,  p.  301 ;  and  by  Klebs, 
'  AertiL  Gorreepondenzblatt/  No.  11,  1874 ;  abstract  in  '  ArchiTes  G^n.  de  MM.,' 
ToL  90, 1872,  p.  362,  &c. 
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In  the  asserted  discoveries  of  a  microbe  in  the  tissues  of  tk^ 
oerebro-spinal  system,  since  the  publication  of  M.  Pasteur's  statemeul 
that  this  is  the  seat  of  the  yirus,  in  some  instances  these  have  obviooslj 
resulted  from  mistaking  the  morphological  elements  of  these  tissusf 
for  micro-organisms.  In  the  case  of  the  statements  of  M.  Fd,^  Uial 
he  has  found  a  microbe  in  the  ganglion  cells,  and  within  Sohwann*! 
sheath  of  the  nerve  fibres,  of  the  encephalon  and  spinal  oord«  thoagi 
these  have  received  the  qualified  support  of  M.  Pasteur,  I  have  « 
doubt  that  the  appearances  which  he  describes  as  microbes  are  dm 
to  alterations  in  the  cells  and  nerve  fibres,  produced  by  the  strange 
modifications  of  the  method  of  Weigert  which  he  has  adopted  ton 
preservation  and  staining.  The  appearances  of  stained  granules  whiol 
he  describes,  can  always  be  produced  by  methods  similar  to  those  hi 
has  employed.  I  may  add,  that  in  very  numerous  ezperiments^  b] 
inoculating  from  infective  medulla  the  material  in  which  he  asserted 
that  he  cultivated  the  microbe,  viz.,  infusion  of  sheep's  brain,  I  httvi 
never  obtained  the  development  of  any  form  of  vegetation  whatever. 

I  have  myself,  as  previously  stated  ('  Lancet/  1886,  vol.  I,  p.  I1I2) 
found  a  micrococcus  in  the  cerebro-spinal  tissues  in  some  oases  O! 
rabies.  It  occurs  chiefly  in  and  around  the  central  canal  of  thi 
medulla  spinalis  and  oblongata,  and  in  the  perivascular  and  peri 
cellular  lymph  channels,  but  it  is  exceedingly  difficult  to  stain,  and  ! 
have  not  discovered  any  reagent  by  which  this  can  be  done  witl 
certainty,  for  I  found  in  sections  in  which  it  was  undoubtedly 
— ^fi*om  their  being  portions  contiguous  to  others  in  which  it 
demonstrated  in  vast  numbers — that  it  was  impossible  to  reoogniae  i 
by  any  means  whatever,  with  the  best  microscopical  appliances,  anc 
though  mounted  in  media  of  widely  different  refractive  indices. 

I  have  not  been  able  to  cultivate  it  constantly,  but  I  did  obteii 
some  growths  in  agar-agar  bouillon  peptone,  though  never  in  any  fluid 
medium,  and  from  the  second  series  of  cultivations  of  these,  with  i 
minute  portion  of  its  scanty  development,  I  inoculated  one  rabbi) 
subcutaneously.  The  animal  was  unaffected  for  three  months.  It  wm 
then  re-inoculated  intracranially  with  a  portion  of  medulla  of  intenai 
fied  virulence ;  here  also  it  remained  unaffected  for  upwards  of  tm 
months,  when,  being  again  inoculated,  it  died  on  the  second  or  thirc 
day  from  accidental  causes. 

This,  which  up  to  that  time  was  the  only  case  I  had  had  of  tb 
failure  of  infection  after  intracranial  inoculation  in  upwards  of  sizt} 
cases,  could  not  have  been  merely  accidental,  and  was  presumably  du< 
to  a  protective  or  inhibitoiy  action  of  the  cultivation ;  but,  as  I  hav< 
not  been  able  to  demonstrate  the  presence  of  or  cultivate  the  microb 
constantly,  a  final  conclusion  upon  its  functions  must  await  farthei 
observations. 

•  'Arubives  Sd.  Phys.  Nat.,'  yoI.  10,  18»0,  p.  827. 
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XI.  Conclusions. 

<Bj  these  experiments  it  is  shown : — 

(1.)  That  the  vims  of  rabies  in  the  lower  animals,  and  of  hjdro- 
pliohia  in  man,  resides  principally  in  the  cerebro-spinal  snbstance  and 
^  tbe  peripheral  nerves,  as  well  as  in  the  salivary  glands,  in  accord- 
^'^  witii  the  fundamental  statement  of  M.  Pasteur. 

(2.)  That  inoculation  of  this  substance  upon  the  brain  of  an  animal, 
V  trephining,  produces  infective  rabies  in  rabbits  almost  infallibly, 
^  with  a  much  shorter  and  less  variable  incubation  period  than 
After  subcutaneous  inoculation. 

(3.)  That  in  an  infected  animal,  the  tissues  do  not  become  virulent 
^  towards  the  dose  of  the  incubation  period. 

(4.)  That  rabies,  however  produced,  in  both  dogs  and  rabbits,  is 
flaaentiaUy  a  paralytic  affection,  the  same  disease  in  both  animals,  and 
that  there  is  no  constant  distinction  between  the  so-termed  dumb  and 
turioos  rabies  in  the  dog. 

(5.)  That  the  activity  of  the  virus  of  street  rabies  generally  is 
iocraased,  and  becomes  remarkably  constant,  by  passing  through  a 
aeries  of  rabbits. 

(6.)  That  the  activity  of  the  virus  is  shown  by  the  duration  of  the 
ineabation  period,  to  which  it  is  inversely  proportionate,  and  that  this 
ditnunstance  may  afford  a  means  of  determining  the  source  of  infec- 
bm  in  case  of  death  from  rabies  or  hydrophobia. 

(7.)  That  of  numerous  drugs  of  different  classes  tried  on  the  rabbit, 
BOne  have  any  constant  effect  upon  the  result  of  infection. 

(8.)  That  by  subcutaneous  inoculations  with  modified  virus,  as 
practised  by  U.  Pasteur,  it  is  not  practicable  to  confer  immunity,  even 
igsinst  subsequent  infection,  upon  rabbits ;  and  that  with  these 
enimals  the  intensive  or  rapid  method  of  inoculation  is  very  liable 
iMf  to  produce  infection;  that  the  constitutional  refractoriness 
qI  the  dc^  to  infection  with  rabies  by  any  method  of  inoculation, 
wders  it  extremely  difficult  to  judge  of  the  results  of  remedial  or 
Prophylactic  measures  with  this  animal,  from  a  limited  number  of 
c'xperiments;  and  that  it  is  by  the  statistics  of  the  trei^tment  that 
^leeolts  in  man  must  be  judged. 


KnsUy,  I  must  state  that  my  experiments  were  not  undertaken 
^>Qi  primary  reference  to  M.  Pasteur's  statements,  but  that  the 
^^^i^damental  importance  of  these  so  greatly  modified  and  subverted 
P'Brioiis  views  upon  this  disease,  that  it  necessitated  my  investigat- 
^  them,  with  the  result  of  confirming  the  conclusions  of  their  author 
^  iQftny  essential  points ;  and  that  it  is  to  his  notable  discovery  of  the 
^^  seat  of.  the  virus,  with  the  constant  and  rapid  effects^  in  the 
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rabbit,  of  the  methods  of  inoculation  which  he  has  introdaoed,  tha 
we  are  indebted  for  the  means  of  investigating  with  ease  and  oertaint; 
the  phenomena  of  this  disease,  which  previously  had  been  mos 
difficult  and  inconclusive. 

These  experiments  were  performed  at  the  Brown  Institution,  and 
must  express  my  hearty  thanks  to  Professor  Horsley,  F.R.S.,  for  tfa 
^ilities  and  assistance  he  has  so  kindly  afforded  me,  in  this  and  othc 
investigations. 

A  considerable  portion  of  the  cost  of  material  for  this  investigatio 
was  defrayed  by  a  grant  from  the  Association  for  the  Advanoement  < 
Medicine  by  Research. 

EXPLANATION  OF  PLATE. 

Fig.  1.  Encephalon  of  rabid  rabbit,  intenselj  and  unusuallj  oongettod,  the  dm 
mater  remoTcd.  The  site  of  inoculation  ia  peroeptible  at  9^  bj  slight! 
iucreaaed  oongestion. 

Fig.  2.  Tongue,  larynx,  and  part  of  trachea,  of  the  same  rabbit,  showing  dec 
oongestion. 

Fig.  8.  Stomach  of  a  similar  rabbit,  showing  the  veins  of  the  serous  coats  muc 
distended,  together  with  numerous  and  moderately  large  hsmorrhag 
spots,  distinctly  marked  in  a  typical  manner,  as  described  in  text. 
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the  80-called  Motor  Region  of  the  Cortex  Cerebri  in  th 
Monkey  (Macacus  sinicua).'*     By  CHARLES  E.  BeeyOR,  M.D 

M^CP.,  and  Victor  Horsley,  B.S.,  F.R.aS..  F,R.g 
Received  June  16,  1887.*  (From  the  Laboratory  of  th 
Brown  Institution.) 

(Ahstract.) 

The  present  research,  of  which  the  following  is  a  brief  abstract^  i 
in  continaation  of  an  investigation  which  we  commenced  two  yen 
ago,  the  first  part  of  which  is  abont  to  be  published  in  the  *  Phik 
sophical  Transactions.' 

In  onr  former  paper  we  described  the  results  of  a  minute  analysi 
obtained  by  electrical  excitation,  of  that  part  of  the  cortex  in  whic 
Professor  Ferrier  had  previously  shown  that  the  movements  of  ih 
npper  limb  were  chiefly  represented. 

In  the  present  paper  the  same  mode  of  analysis  has  been  employe 
for  the  investigation  of  the  parts  of  the  cortex  grouped  around  tl 
before-mentioned  area. 

Mode  of  Excitation. — The  mode  of  excitation  was  the  same,  with 
slight  alteration,  as  that  which  we  previoasly  adopted. 

*  Beooived  and  road  June  16th  in  abstract  onlj.  FuU  paper  received  August  1: 
1887^ 
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Mode  of  Subdivieum  of  the  OorHcal  Surface.— A.B  before,  we  hayo 
agftin  arbiirarilj  divided  the  cortical  enrfaoe  into  minute  areas  2  mm. 
sqaare,  and  thus  73  centres  were  formed  and  subjected  to  excitation . 
Altogether  23  experiments  have  been  made,  the  animals  being  in- 
variablj  anflssthetised  with  ether. 

Anatomy, — The  region  explored  comprised  the  gjras  conrsing  in 
front  of  the  whole  length  of  the  precentral  snlcus  ;  the  posterior  third 
of  the  middle  frontal  convolution  ;  the  posterior  half  of  the  superior 
frontal  convolution ;  the  upper  end  of  the  ascending  frontal  convoln- 
tion,  and  the  whole  of  the  ascending  parietal,  except  the  lower  half  of 
its  anterior  border. 

Topography  of  Representation, 

The  parts  of  the  body  which  are  represented  in  the  region  thus 
defined  are  as  follows,  viz. : — 

(a.)  The  head  and  eyes. 

(b»)  The  lower  limb. 

(c.)  The  upper  limb. 

(a.)  Head  and  Eyes. — The  representation  of  the  important  move- 
ment of  turning  the  head  and  eyes  to  the  opposite  side  is  situated 
m  a  broad  zone  extending  up  along  the  whole  length  of  the  precentral 
bqIcqs  and  over  the  posterior  half  of  the  middle  and  superior  frontal 
coDToIations  respectively  as  far  as  the  margin  of  the  hemisphere. 

(h.)  Lower  Limb. — The  movements  of  the  lower  limb  are  repre- 
sented in  the  posterior  fifth  of  the  superior  frontal,  the  upper  third  of 
the  ascending  frontal,  and  the  upper  third  of  the  ascending  parietal 
convolutions. 

(c.)  Upper  Limh. — In  onr  former  paper'  the  account  of  the  repre- 
^tation  of  the  upper  limb  was  necessarily  incomplete,  owing  to  its 
^sion  with  that  of  neighbouring  centres.  This  we  have  now  accom- 
piiahed,  and  the  area  for  the  movement  of  the  upper  limb  may  conse- 
^inently  be  defined  as  being  centralised  in  the  middle  of  the  ascending 
^tal  convolution,  from  which  point  it  reaches  into  the  middle 
'i^ntal.  Upwards  it  extends  slightly  into  the  superior  frontal  con- 
volution and  backwards  over  the  lower  two-thirds  of  the  ascending 
P^etal  convolution  as  far  as  the  intra-parietal  sulcus. 

General  Conclusions, 

%  exploring  the  above-mentioned  areas  with  minimal  stimulation 
(see  previous  paper)  we  have  ascertained — 

U-)  The  Primary  Movement. 

\^')  The  March,  i.e.,  the  sequence   of    movements   following  the 

primary  movement. 
W  The  Character  of  the  Movements, 
^^^'  xiin.  u 
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These  facts  have  been  asoertained  for  each  of  the  78  tentrea  < 
amined.  It  is  obviously  impossible  here  to  indicate  eren  the  gene 
conclasions  thus  arrived  at,  owing  to  the  large  n  amber  of  sepan 
observatioDS  which  cannot  be  briefly  collated.  Reference  moat  the 
fore  be  directed  to  the  original  paper. 

The  expenses  of  the  research  were  defrayed  by  a  grant  from  t 
British  Medical  Association. 


"The  Influence  of  Stress  and  Strain  on  the  Physical  Pi 
perties  of  Matter.  Part  I.  Elasticity — continued.  T 
Velocity  of  Sound  in  Metals  and  a  Comparison  of  th< 
Moduli  of  Longitudinal  and  Torsional  Elasticities  as  deti 
mined  by  Statical  and  Kinetical  Methods."  By  Herbs 
Tomlinson,  B.A.  Communicated  by  Professor  W.  Gryi 
Adams,  M.A.,  F.R.S.  Received  April  29, — ^Read  Ju 
16,  1887. 

LPlatk  2.] 

We  owe  to  Wertheim*  a  series  of  carefully  executed  experiments 
the  longitudinal  elasticity  of  metals  both  by  statical  extension  and 
longitudinal  and  transverse  yibratioDS.  From  these  researches 
would  appear  that  the  yalues  of  the  moduli  of  longitudinal  elastic 
as  determined  for  several  metals  by  the  first  of  these  three  meth« 
are,  as  might  be  expected,  less  than  those  obtained  by  the  other  t** 
The  differences,  however,  are  very  much  greater  than  can  be  accoun 
for  by  the  heating  and  cooling  efEects  of  contraction  and  elongate 
and  the  author  has  already  pointed  out  what  he  believes  to  have  l>' 
in  a  great  measure  the  cause  of  these  discrepancies.f  As  a  :^ 
observations  made  with  two  or  three  different  metals  had  seeme<3 
him  to  show  the  possibility  of  obtaining  more  concordant  results ^ 
was  encouraged  to  extend  his  investigations  to  other  metals,  t 
moreover  to  institute  a  comparison  between  the  values  of  torsia 
elasticity  which  could  be  obtained  by  statical  and  kinetical  methc 
It  had  originally  been  the  author's  intention  to  use  the  sa 
specimens  of  the  various  metals  as  were  employed  in  his  previ< 
experiments  on  moduli  of  elasticity  and  electrical  conductivity,^  1 
on  applying  to  Messrs.  Johnson,  Matthey  and  Co.  to  have  thi 
specimens  fused  and  redrawn,  he  was  informed  that  what  was  desii 
would  be  almost  if  not  quite  impossible,  inasmuch  as  several  of  \ 
metals  if  fused  in  small  quantities  would  be  rendered  too  brittle  fori 

•  *  Annales  de  Chimie,*  vol.  12,  1844. 

t  *  Phil.  Trans.,'  yoI.  174,  1883  (Part  1),  p.  14. 
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pnoen  of  wire  drawing.  Accordingly. by  request,  Messni.  Johnson 
•ad  Matthey  with  their  nsnal  coartesy  prepared  specimens  of  platinum, 
dTer,  copper,  aluminium,  lead,  platinum-silver  and  German  silver  in 
the  same  manner  and  of  the  same  degree  of  purity  as  before.  The 
wire-drawers  had  received  speciid  instructioDS  to  avoid  kinks  and  to 
secnTo  uniformity  in  the  diameters  of  the  wires  throughout  their 
bngths.  Experiment  I,  which  may  be  taken  as  representative  of  the 
degree  of  uniformity  obtained  in  the  diameter  of  the  various  wircF, 
ihows  that  in  this  last  respect  the  instructions  had  been  well  carried 
out;  nor  could  any  kinks  be  detected  in  the  wires.  The  results  given 
b  Experiment  I  were  obtained  by  means  of  a  gauge  reading  to  t^^^ 
rf  a  millimetre ;  by  estimation  it  was  easy  to  measure  to  iVgifth  of 
lailiiinetre. 


Experiment  I. 


Dwtenoe  in  f e^t  from  one 

Ghkuge-reading  iu 
eentimetres. 

end  of  (he  wire  at  which 
the  gauge  wm  applied. 

1-6 

0*1088 

8*0 

0*1098 

4-6 

0*1087 

e-0 

0*1091 

7-6 

0  1092 

90 

0  1089 

10-6 

0  1091 

12  0 

0  1088 

18*6 

0*109.i 

15-0 

01096 

16-5 

0  1089 

18  0 

0  1091 

19*5 

0*1091 

21*0 

0  1091 

22*6 

0  1092 

24*0 

0  1092 

25*6 

0  1088 

27  0 

0*1092 

28*5 

0-1093 

80  0 

0  1093 

The  mean  value  of  the  gauge-readings  is  0*10918,  and  in  no  case 
^•in^^go-readiug  differ  from  this  mean  by  more  than  J  per  cent, 
'^ter  the  diameter  had  been  determined  for  each  of  the  wires  in  a 
"^r  manner  by  means  of  the  gauge,  they  were  made  into  coils  of 
liu>re  than  one  foot  diameter,  and  the  diameter  again  determined  from 
m  apparent  loss  of  mass  in  water  at  4"^  C.  and  from  the  length. 
^  Talues  for  the  diameters  obtained  by  the  last  method  agreed  very 
^ioielj  with  those  got  by  means  of  the  gauge. 
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The  Longitudinal  Elasticity  as  determined  hy  the  Method  of  Statical 

Extension. 

The  mode  of  ezperimentihg  by  siatioal  extension  has  alrefvdj  been 
described,*  and  the  precantions  which  were  used  then  were  nsed  now ; 
bat  in  these  fresh  trials  the  author  avniled  himself  pf  a  device 
whereby  the  departure  from  "  Hooke's  law,"  which  had  been  formerly 
observed  more  or  less  with  all  the  wires,  can  be  done  away  with.  This 
device  the  author  owes  to  a  perusal  of  the  investigations  of  Professor 
G-.  Wiedemann  on  statical  torsion. f  Wiedemann  has  proved  that 
though  on  first  applying  the  loads  used  for  twisting  the  wire  the 
torsional  strain  ihcrea^es  in  greater  proportion  than  the  stress,  the 
frequent  repetition  of  these  loads  gradually  diminishes  this  want  of 
proportionality.  He  has  further  shown  that  the  process  may  be  much 
facilitated  by  repeatedly  putting  the  wire  into  torsional  oscillations 
whilst  under  the  influence  of  the  torsional  stress.  In  a  similar 
manner  the  author  now  found  that  if  the  wire  when  under  the 
influence  of  a  load  causing  longitudinal  stress  were  set  oscillating 
longitudinally,  by  alternately  pressing  with  the  hand  on  the  scale-pan 
and  removing  the  pressure,  the  range  for  which  *'  Hooke's  law  "  held 
good  was  sensibly  increased, {  so  that  he  was  able  to  use  larger  loads 
than  could  otherwise  have  been  used  without  passing  beyond  ^he 
boundaries  of  perfect  elasticity.  The  following  experiment  will  serve 
to  show  the  deg^e  of  accuracy  attainable. 


•  *  Phil.  Trans..'  vol.  174, 1883  (Tart  I),  pp.  3,  4. 

t  *  Phil.  Mog.,'  Jan.  and  Feb.,  1880. 

t  It  thonld  be  mentioned  here  that  in  all  cases  it  is  adyitable  to  allow  a  rest  after 
oscillatuig  the  wire  in  this  waj  for  the  flnt  time,  and  afterwards  to  oscillate  it  again 
Just  More  testing. 
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The  mean  value  of  AS/aP  for  the  four  series  is  1*1969  and  the 
probable  error  is  0*10  per  cent.  The  values  of  AS/AP  obtained  with 
the  temporary  stresses  of  2  kilos.,  4  kilos.,  6  kilos.,  and  8  kilos,  are, 
within  the  limits  of  errors  of  observation,  equal,  and  moreover  aro 
independent  of  the  permanent  load  on  the  wire. 

The  results  recorded  above  were  not  got  without  the  exercise  of 
very  great  precaution  both  in  adjusting  the  scale  and  vernier,  and  in 
preventing  either  the  wire  under  examination  or  the  comparison-wire 
from  twisting  after  the  adjustment  had  been  completed.  Should  such 
twisting  take  place  the  vernier  will  not  move  with  sufficient  freedom 
up  and  down  the  scale.*  Indeed  in  this  experiment  there  are  here 
and  there  slight  traces  of  the  vernier  sticking  in  the  scale,  and  in 
most  of  the  otber  experiments  it  was  considered  advisable  to  unclamp 
both  scale  and  vernier  and  completely  readjust  them,  so  that  slightly 
different  lengths  of  the  wire  might  be  under  examination.f  The  next 
experiment  furnishes  an  example  of  this  mode  of  treatment. 

Experiment  III. — ^Piano-steel. 
Temporary  load,  8  kilos. ;  permanent  load,  10  kilos. 


Length  of  the  wire 

under  examination 

in  centimetres,  /. 

Temporary  alteration 
of  length  in  centi- 
metres, AS. 

AS/;. 

753-8 
750-8 
754-0 

0-5245 
0  -5195 
0-5233 

0  -0006955 
0  0006920 
0  0006940 

The  mean  of  the  numbers  in  the  third  colamn  is  0*0006938,  with  i^ 
probable  error  of  0*09  per  cent.  It  is  evident  therefore  that  with 
care  copsiderable  accuracy  can  be  obtained.  The  elasticity  of  piano- 
steel  within  the  limits  of  ^he  loading  here  employed  had  been  pre- 
viously proved  to  be  quite  perfect,  provided  the  precautions  adopted 
in  this  and  the  other  experiments  were  taken,  so  that  it  was  considered 
unnecessary  to  try  the  effect  of  lesser  loads,  but  with  all  the  other 
metals  at  least  two  loads  were  used,  and  for  these  loads  Hooke*s  law, 
**  ut  extenno  sic  vis,**  could  by  proper  treatment  of  the  wire  be  made 
to  hold  good  within  the  limits  of  errors  of  obsei*vation. 

*  The  author  may  mention  here  that  he  found  it  to  be  a  great  oonrenienoe  to 
place  four  blocks  of  well-planed  wood  on  the  ground  close  to  the  four  sides  of  the 
•cale-pan,  and  to  anchor  the  bar  fastened  to  the  comparison* wire  by  fine  wires 
attached  to  the  ends  of  the  former  and  secured  in  a  horizontal  position. 

t  The  different  lengths  were  not  measured  until  the  series  of  temporary  altera- 
tions of  length  produced  by  the  yarious  changes  of  load  was  completed,  so  as  to 
MToJd  prejudice  on  the  part  of  the  obsonrer. 
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The  Longitudinal  Elasticity  as  determined  by  tlie  Method  of  Longitudinal 

Yihraiions, 

Freliminary  Trials, 

As  it  was  found  necessary  to  nse  the  sjrcn  more  or  less  throaghout 
this  part  of  the  investigation,  some  experiments  were  made  with  a 
view  of  ascertaining  how  far  this  instrument  could  be  relied  on  for 
determining  the  number  of  vibrations  made  in  a  given  time.  First, 
attention  was  directed  to  the  registering  apparatus,  with  the  object  of 
determining  how  far  the  putting  of  this  in,  or  the  taking  of  it  out  of 
action,  would  introduce  error.  Any  error  of  the  kind  would  be  more 
manifest  when  the  number  of  vibrations  was  determined  for  a  short 
space  of  time  than  for  a  long  one,  and  in  the  following  experiment  it 
will  be  seen  that  there  is  no  appreciable  error  dae  to  the  inertia  of  the 
register. 

Experiment  IV. 

The  number  of  vibrations  recorded  in  one  minute  by  the  syren  in 
each  of  three  trials,  when  the  syren  was  kept  in  unison  with  a  mono- 
chord,  were: — 


! 

Number  of  trial. 

Number  of  vibrations. 

1 
2 
3 

813  X  20 
812x20 
811x20 

Mean 

812x20 

The  number  of  vibrations  recorded  in  five  minutes  was  next  ascer- 
tained by  one  trial  to  be  4064  x  20,  which  wonld  give  812*8  X  20  per 
minute,  or  only  0*1  per  cent,  higher  than  before.  The  pitch  of  the 
monochord  was  then  altered,  and  several  fresh  experiments  similar  to 
the  above  ended  in  showing  that  sometimes  the  number  of  vibrations 
per  minute  registered  in  the  shorter-timed  trials  appeared  to  be 
greater,  and  sometimes  less,  than  the  number  registered  in  the  longer- 
timed  trials,  the  difference  being  in  all  cases  equally  slight  with  the 
above. 

Again,  the  syren  was  employed  to  determine  the  pitch  of  several  of 
Koenig's  forks ;  thus  in  a  single  trial,  in  each  case  of  three  minutes' 
duration,  the  instrument  registered  256*7  and  513*8  vibrations  per 
Recond  respectively  for  two  forks,  which  were  marked  with  the  nnm- 
bers  256  and  512.  Several  other  trials  of  similar  accuracy,  sometimes 
giving  slightly  greater,   and  sometimes  slightly  lesa  -vibnAiVoxL-iT^ 


94-  Mr,  H,  Tomlinson.     The  Influence  of 

qaencies  than  those  marked  on  the  forks,  rendered  it  evident  that  it 
was  possible  to  determine  with  great  accuracy  the  yibration-namber 
of  a  tuning-fork  bj  means  of  the  sjren,  when  the  notes  of  these  two 
instrnments  are  compared  directly  with  one  another.*  The  case,  how- 
ever, was  different  when  a  monochord  was  tnned  to  jih»  note  of  a  fork, 
and  the  former  then  compared  with  the  syren.  Thus  the  monochord 
was  tuned  to  unison  with  a  Koenig's  fork  marked  384,  and  afterwards 
the  vibration-frequency  of  the  former  was  determined  by  the  syren. 
Two  trials  resulted  in  giving  the  number  of  vibrations  per  second  as 
387  and  386.  In  a  similar  manner,  using  a  fork  marked  512,  six  trials 
with  the  syren  grave  the  vibration-frequency  as  follows  : — 515*8, 510*8, 
514*3,  515*8,  516*8,  515*4,  with  a  mean  value  of  515*8.  The  experi- 
ments with  both  forks  therefore  gave  values  for  the  vibration- 
frequencies  which  were  about  f  per  cent,  too  high,  and  yet  the  mono- 
chord  after  these  trials  was  in  each  case  still  in  perfect  unison  with 
the  fork  with  which  it  had  been  compared.  As  the  assbtant 
(Mr.  Furse)  seemed  to  think  that  the  error  arose  from  drawing  the 
bow  too  strongly  across  the  wire  of  the  monochord,  in  the  endeavour 
to  make  the  sound  of  this  instrument  of  sufficient  intensity  to  be  heard 
at  the  same  time  as  that  of  the  syren,  a  screen  was  placed  so  as  partly 
to  shield  the  sound  of  the  latter  from  the  manipulator  of  the  mono- 
chord,  and  this  plan  proved  to  be  successful,  for  now  the  syren 
recorded  the  same  vibration-frequency  for  both  monochord  and 
tuning-fork,  and  several  experiments  of  the  same  kind  with  forks  of 
different  pitch  manifested  that  with  the  precaution  mentioned  above 
the  syren  could  be  made  to  determine  the  pitch  of  the  monochord  as 
accurately  as  the  pitch  of  the  tuning-fork. 

Matters  having  been  so  far  satisfactorily  arranged,  a  considerable 
number  of  trials  were  made,  for  the  purpose  of  deciding  on  the  best 
mode  of  arranging  the  wire  which  it  was  desired  to  throw  into  longi- 
tudinal vibrations.  In  the  first  instance  the  wire  to  be  examined 
was  stretched  horizontally,  and  clamped  at  one  end  to  a  block  of  iron 
secured  to  a  window-sill.  Towards  its  other  extremity  the  wire 
passed  over  a  fixed  pulley,  so  that  by  placing  weights  on  a  scale-pan 
attached  to  this  extremity  any  required  degree  of  stress  could  be  put 
upon  the  wire.  Before  going  over  the  pulley  the  wire  passed  through 
the  jaws  of  a  strong  vice,  so  that  when  stretched  sufficiently  it  could 
be  firmly  clamped  by  means  of  the  latter,  and  was  pit)tected  from 
injury  by  placing  pieces  of  hard  wood  between  it  and  the  jaws  of  the 
vice.  Both  the  vice  and  pulley  were  firmly  clamped  to  a  very  stout 
table.     When  fixed  for  examination  the  wire  was  thrown  into  longi- 

*  The  author  has  again  to  thank  Mr.  Furae,  the  curator  of  the  Museum  of  King 
Q-eorge  III,  at  King's  College,  for  his  assistance ;  as  also  Mr.  H.  A.  Beatohlous,  one 
of  the  students  of  the  Physical  Laboratory.    Both  these  assistants  are  musicians, 
injd  the  former  ib  especially  remarkable  for  his  skill  in  manipulating  the  sjren. 
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tndinal  vibrations  by  rubbing  it  as  lightly  as  possible  with  a  resined 
glove;  a  monochord  was  taned  in  nnison  with  the  wire,  and  the  pitch 
of  the  former  then  determined  by  means  of  the  syren.  In  this  way 
copper,  platinum,  silver,  and  platinum-silver  were  examined,  each  with 
two  different  lengths,  one  length  being  about  half  that  of  the  other. 
In  all  cases  the  shorter  length  gave  a  greater  number  of  vibrations  in 
proportion  to  the  inverse  of  the  length  than  the  longer  one.  The 
arerage  extent  of  the  deviation  is  exhibited  in  Experiment  V. 


Experiment  V. — Platinum  Wire. 


I 


Length  of  the  wire 

examined  in 

oentimetres,  I, 

Number  of  Tibmtiont 
per  second,  ». 

i 

i 
Ixu. 

967*4 
495-7 

146*47 
180*90 

141,700 
142,230 

Here  in  the  case  of  the  shorter  length  the  product  Ixn  ia  about 
0*4  per'oent.  higher  than  the  same  product  for  the  longer  length.  As 
much  gpreater  accuracy  than  this  was  to  be  aimed  at  for  the  purpose 
in  view,  several  days  were  spent  in  endeavouring  to  ascertain  what 
flaws  there  might  be  in  this  mode  of  experimenting.  In  the  fir^t 
place  the  permanent  loads  placed  on  the  scale-pan  were  gradually 
increased  in  amount,  and  as  the  wires  were  hard  drawn,  this  could  be 
done  to  a  considerable  extent  without  causing  any  sensible  permanent 
elongation.  Evidently,  however,  the  source  of  error  was  not  to  be 
detected  in  this  way,  for  though  a  slight  change  in  the  pitch  of  the 
note  could  be  detected  when  the  note  was  reduced  below  a  certain 
comparatively  small  amount,  yet  after  this  amount  of  stress  had  been 
exceeded,  no  further  addition  of  load  seemed  to  produce  any  appre« 
ciable  effect.  Secondly,  the  clamp  and  vice  were  shifted  and  more 
firmly  secured,  but  still  with  no  good  result. 

After  this  it  was  decided  to  place  the  wire  vertically,  and  as  the 
room  was  very  lofty  a  considerable  length  could  be  tested  in  this  new 
position.  The  rest  of  the  arrangement  was  the  same  as  before, 
except  that  now  the  pulley  was  dispensed  with  and  the  wire  was 
clamped  at  its  upper  extremity  to  a  very  massive  iron  plate,  and 
bung  freely  down  through  the  jaws  of  the  vice  before  clamping  with 
the  latter.  The  following  table  gives  the  mean  values  of  the  products 
Ixn  for  the  different  wires  examined  in  vertical  and  horizontal 
poaitions,  where  I  and  n  have  the  same  signification  as  before : — 


96 


Mr.  H.  Tomlin6on.     Tlie  Influence  of 


Table  I. 


MetaL 

position  rertical. 

position  horiiontal. 

CoDD6r • •••• 

192,650 
186,410 
186,410 
140,500 
248,900 
261,700 

195,567 
141,700 
140,067 
142,200 

PlAtinum 

Biker 

PlAtinum-tilTor    ..#•■.«• 

Aluminiuni 

Piano-ste«'l  ....•«..•••••••••• 

The  results  shown  in  tbis  table  are  far  from  being  satisfactoiy,  and 
the  numbers  in  the  third  column  differ  from  those  in  the  second 
column  by  amounts  which  are  in  all  cases  considerably  larger  than  the 
differences  in  the  yalues  of  Z  x  n,  as  determined  for  different  lengths 
of  the  same  metal,  either  in  the  vertical  or  the  horizontal  position. 

Final  Method  of  Experimenting, 

Though  the  notes  obtained  bj  rubbing  the  wires  longitudinallj 
were  fairly  clear  and  well  defined  when  the  wire  was  arranged  accord- 
ing to  either  of  the  above  methods,  yet  the  divergence  of  the  results 
given  above  was  such  as  to  induce  the  author  to  try  a  third  method, 
which,  when  certain  corrections  have  been  applied  for  want  of  rigidity 
of  the  masses  to  which  the  ends  of  the  wire  are  clamped,  seems  to  be 
capable  of  considerable  accuracy.  In  fig.  1,  Plate  2,  AB  is  a  hollow 
box,*  made  of  wooden  planks  half  an  inch  thick.  The  length  of  the 
box  is  600  cm.,  the  breadth  10  cm.,  and  the  depth  10  cm.  At  one 
end  of  the  box  is  a  pulley  C,  round  which  the  wire  passes  to  the 
scale- pan  S.  D  and  E  are  two  pairs  of  stout  blocks  of  wood,  each  of 
which  can  be  firmly  clamped  to  any  part  of  the  box  by  a  pair  of  very 
stout  wooden  screws.f  The  stout  blocks  of  wood  carry  each  an  iron 
clamp,  by  which  the  wire  can  be  secured,  and  the  blocks  of  wood 
together  with  the  screws  are  all  well  insulated  from  the  box  by  means 
of  thick  layers  of  baize  M,  so  that  the  vibrations  of  the  wire  cannot 
be  imparted  to  the  box.^     The  wire  is  first  clamped  to  the  wooden 

*  There  is  no  advantage  in  having  a  hollow  box  ;  a  solid  piece  of  wood  or  metal 
of  sufficient  stoutness  would  answer  the  purpose  equally  welL 

f  Only  one  of  each  pair  of  screws  is  shown  in  the  figure. 

X  This  the  author  found  to  be  a  matter  of  some  considerable  importance,  as  the 
note  was  very  much  clearer  and  purer  when  the  blocks  were  insuhited  from  the  box 
than  when  they  were  not.  A  rather  curious  case  of  synchronism  occurred  in  one  of 
the  earlier  experiments  where  the  blocks  were  not  insulated  from  the  box.  An  iron 
wire  had  been  arranged  to  give,  as  far  as  could  be  judged  by  the  note,  512  vibrations 
jfer  second.     The  note  was,  however,  very  far  from  dear ;  but  by  shortening  or 
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block  at  D,  and  is  then  passed  over  the  pnllej  at  C,  so  as  to  be 
stretched  to  any  required  extent  by  placing  weights  on  the  scale-pan  S. 
When  the  required  stress  is  attained  the  wire  is  clamped  at  E,  and 
the  part  to  the  right  of  E  having  been  detached  from  the  pulley  and 
scale-pan,  is  drawn  on  one  side  and  rested  on  some  non-condactor  of 
sound,  such  as  baize  or  flannel.  In  several  cases,  before  the  last-men- 
tioned adjustment  had  been  completed,  the  blocks  of  wood  at  E  were 
shifted  backwards  or  forwards,  until  the  note  given  out  by  the  longi- 
tudinally rubbed  wire  was  in  unison  with  a  Koenig*s  tuning-fork,  bat 
in  others  the  pitch  of  the  note  was  determined  with  the  syren.  If 
the  clamps  at  D  and  E  had  been  secured  to  perfectly  rigid  supports, 
the  number  of  vibrations  obtained  when  the  wire  was  clipped  in  the 
centre  would  have  been  exactly  double  the  number  when  the  wire  was 
free,  except  at  both  ends,  but  in  consequence  of  lack  of  rigidity  of 
the  supports  at  D  and  E,  the  note  given  ont  in  the  former  case  had 
less  than  doable  the  number  of  vibrations  of  the  note  in  the  latter. 
Xow  Lord  Rayleigh  has  proved  for  transverse  vibrations*  that  when, 
as  in  the  present  instance,  the  mass  at  each  end  is  large  compared  with 
the  force  of  the  spring  which  urges  the  extremity  attached  to  the 
mass  towards  the  position  of  equilibrium,  any  slight  yielding  of  the 
snpports  will  cause  a  rise  in  pitch,  and  will  produce  the  same  effect 
as  if  the  wire  had  been  shortened  in  the  ratio  of  1 : 1— A:/n*,  where  h 
is  a  constant,  if  we  experiment  with  the  same  length  of  the  same  wire 
under  the  same  conditions  as  regards  the  nature  of  the  supports,  and 
n  is  the  tone  of  the  wire.  Lord  Rayleigh's  mathematical  reasoning 
can  be  equally  applied  to  longitudinal  vibrations,  and  it  is  obvious 
tiiat  by  obtaining  the  number  of  vibrations  of  the  wire  when  free, 
except  at  both  ends,  and  then  when  clipped  in  the  centre,  we  may 
determine  the  amount  by  which  the  yielding  of  the  supports  heightens 
the  pitch  of  the  note.  For  the  sake  of  greater  accuracy  the  number 
of  vibrations  yielded  when  the  wire  was  clipped  one-third  of  its  whole 
length  from  one  end  was  in  some  cases  also  ascertained.  The  next 
experiments  will  sufficiently  illustrate  the  mode  of  proceeding. 


lengthening  the  wire  slightly  it  wai  very  much  improred,  thongh  of  coarse  of  a 
different  pitch.  The  Tery  marked  want  of  clctamees  was  presently  found  to  arise 
tro/m  lynohronism  between  the  time  taken  by  a  pulse  to  pass  from  one  block  to  the 
other  ihromgh  the  wood  and  the  time  taken  to  pass  from  end  to  end  of  the  wire  and 
bark  again.  When  the  blocks  were  insulated  from  the  box  the  want  of  dearaesa 
taniihed  and  the  pitch  of  the  note  rose  6  or  7  per  cent. 
•  •  Theory  of  Sound/  roJ.  J,  J  IBB. 
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Experiment  VI. — Platinnm-silver  Wire. 


Number  of  yibrations 
per  ieoond.* 

Bemailu. 

259-7x1 
254*7x2 
258*9x8 

Wire  free  except  afc  both  ends. 
Wire  clipped  in  the  centre. 
Wire  clipped  at  a  point  one-tbird  of 
the  whole  length  from  one  end. 

Lefc  h  be  the  equivalent  shortening  of  the  wire  when  it  is  free 
except  at  the  two  ends ;  then  since  the  velocitj  of  sound  along  the 
wire  will  be  the  same  in  all  three  cases  we  must  have : — 

(l-A)  2597  =  (l-^)  254-7;     .    .    .    .     (1) 
(l-l)  2597  =  (l-p)  253-9;     ....     (2) 


and 


From  (1)  we  obtain 
and  from  (2) 


k  =  0-0265, 
k  =  00250. 


The  mean  of  these  two  values  of  k  is  0*02525,  and  since  the  length 
of  the  wire  examined  was  553*85  cm.»  the  velocity  of  sound  in  centi- 
metres per  second  obtained  from  the  three  sets  of  trials  given  in 
Experiment  VI  will  be  280,440,  280,380,  and  280,500  respectively, 
with  a  mean  of  280,4  JiO  and  a  probable  error  of  only  0008  per  cent. 

Experiment  VII. — Silver  Wire. 
Length,  558*85  cm. 


1 

Number  of  yibrations 
per  second. 

Remarks. 

253  8x1 
253  1x2 
253  0x8 

W  ire  free  except  at  both  ends. 
Wire  clipped  in  the  centre. 
Wire  clipped  at  a  point  one-third  of 
the  whole  lengtn  from  one  end. 

Adopting  the  same  mode  of  procedure  as  before  we  obtain  for  k  the 
two  values  0*00366  and  0*00354  with  a  mean  of  000360.     Thus  ihe 

*  The  numbers  giyen  under  this  heading  are  in  this  and  the  next  ezperimentt  the 
wetui  raluBB  rcBvUtrng  from  several  closely  accordant  trials. 
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Telocity  of  sonnd  in  centimeires  per  second  as  deduced  from  the 

numbers  in  the  first  column  "will  be,  within  0*001  per  cent.,  in  all 

three  series  of  trials  the  same,  namelj,  280,100.     Experiments  VI  and 

VII  furnish  results  which  are  rather  more  consistent  with  each  other 

and  attended  with  a  slightly  less  probable  error,  as  judged  by  the 

departure  of  each  individual  value  of  the  velocity  of  sound  from  the 

mean  value,  but  still  the  agreement  seemed  to  be  very  good  in  the 

ease  of  the  other  metals.     Thus  with  annealed  iron  wire  of  the  same 

length  as  the  silver  wire,  and  which  was  tested  not  only  for  the 

fundamental  note  and  the  first  and  second  octaves  but  also  for  the 

third  octave,   the  following  values  of   the  velocity  of  sound  were 

deduced : — 


Velocity  of  tound  in 

oentiinetret  per 

■eoond. 

Kote. 

609,700 
510,000 
610,400 
608,400 

• 

Fundamental. 
First  octaTe. 
Second  octave. 
Third  octave. 

609,600  meftD. 

Again  a  hard  drawn  copper  wire  of  the  same  length  gave  the 
following  results : — 


Velocity  of  aonnd  in 

centimetres  per 

second. 

Note. 

895,600 
895,400 
896,400 

Fundamental. 
First  octaTe. 
Second  oclare. 

895,800  mean. 

The  velocity  of  sound  for  the  other  wires  given  in  the  next  table 
'kzA  determined  only  from  observation  of  the  fundamental  note  and 
the  first  octave.  All  the  metals,  except  the  piano-steel,  the  annealed 
iron  and  the  German  silver^  were  obtained  from  M^srs.  Johnson, 
Matthey  and  Co.,  and  were  stated  to  be  chemically  pure. 


100 


Mr.  H.  Tomlinson.     The  Jf^uenee  of 


Table  TI. 


Metal. 

Condition. 

Bensitj. 

Telooitj  of  found 

in  metres  par 

•erond. 

Piano-st^fil  . .  • .  t « •  • . . 

Unannealed 
Annealed 
Unannealed 
» 

7 -7475 

7-6881 

8-8976 

8*6820 

12  1900 

10-4668 

21  0500 

5196 
5096 
8958 
8860 
2804 
2801 
2750 

Tron  ...•.•.•..•.•-■>« 

Connfip  ........■>«■• 

Q-erman  silrer 

Platinum-silyer 

SUrer 

Tiatinum.  ■■•...tti-.* 

In  the  next  table  will  be  found  a  oomparison  between  the  moduli  of 
longitudinal  elasticity  as  obtained  bj  the  statical  and  kinetical 
methods  for  steel,  copper,  platinum,  platinum-silyer,  and  silver.  All 
the  results  given  in  the  table  were  obtained  with  as  much  oare  as 
those  already  quoted. 

Table  III. 


Metal. 

Young's 
modulus  in 

grams 

per  square 

centimetre 

as  obtained 

by  the 

kinetical 

method. 

Ditto  as 
obtained  by 
the  statical 

method. 

Ditto 

supposing  no 

heat  to  be 

gained  or 

lost  during 

the  testing. 

Piano-steel . . .  •  • 

2133    xlO<< 

1316 

1622 

997 

8356 

2140    xlO< 
1323 
16-23 
1001 
828-6 

2144    xlO< 
1826 
1625 
1004 
8311 

-0-0051 
-0-0076 
-0-0018 
-0  0070 
4-0-0054 

CoDDcr 

Pint  inum    

Platinum-silror 

Silver 

It  will  be  seen  from  Table  II  that  the  values  of  Young's  modulus,  as 
determined  by  the  statical  and  kinetical  methods,  agree  with  each  other 
within  less  than  1  per  cent.,  and  that  on  the  whole  the  values  obtained 
by  the  former  of  the  two  methods  are  slightly  greater  than  those 
obtained  by  the  latter  method.* 

*  The  author  is  inclined  to  attribute  this  to  the  fact  that  with  hard-drawn  metals 
loading  always  produces  a  slight  amount  of  temporary  twisting.  This  (see  Experi- 
ment II)  tends  to  produce  a  slight  degree  of  sticking  between  the  scale  and  remier 
used  in  the  statical  method.  With  well  annealed  wires  this  temporary  twisting 
docs  not  result  from  loading. 


Stress  and  Sirain  on  the  Properties  of  Matter.  101 

The  velooity  of  soniid  as  calculaied  from  the  values  of  e't  and  the 
density  would  in  no  case  differ  from  those  obtained  directly  bj  so 
much  as  \  per  cent. 

The  Velocity  of  Sound  is  IndependeiU  of  the  Temporary  Load. 

Experiment  VIII. 

A  well  annealed  copper  wire  aboat'l  mm.  in  diameter  was  weighted 
with  18  kilos,  and  left  with  this  load  on  for  some  time.  It  was  then 
tested  with  yarioas  loads  np  to  18  kilos,  with  the  following  results; 


Lottd  on  the  wire  before 
cUmping. 

Number  of  iongitodinal 

Tibrationt  in  three 

minutes.* 

6  kilos. 
10      „ 
14      „ 
18      „ 

4048-5x20 
4056*8 
4054-9 
4057  0 

Mean  of  hwt  three.  •  • . 

4066  1 

It  is  evident  from  the  above  that  except  for  the  lightest  load,  the 
^olocity  of  sound  is  entirely  independent  of  the  temporary  load,  and 
®^en  with  the  load  of  6  kilos,  there  is  not  a  departure  from  the  mean 
^ae  obtained  with  the  other  three  loads  of  more  than  0*2  per  cent.f 

Similarly  with  a  pianoforte  steel  wire  of  0*08  cm.  diameter,  not  the 
slightest  difference  in  the  pitch  of  the  note  could  be  discerned  with 
loads  which  varied  from  16  kilos,  up  to  30  kilos. 

The  temporary  alteration  of  density  which  was  produced  in  either 
of  these  two  experiments  would  be  too  small  to  cause  of  itself  a 
P^eptible  alteration  of  pitch.  Thus  in  the  case  of  the  piano-steel 
wire,  the  temporary  change  of  density  resulting  from  the  increase  of 
^e  load  from  16  kilos,  to  30  kilos,  would  only  cause  a  change  in  the 
pitch  of  the  note  of  0'03  per  cent. 

The  Effect  of  Permanent  Extension  on  the  Velocity  of  Sound, 

The  author  has  shown^  that  when  an  iron  wire  has  recently,  suffered 
permanent  extension  the  longitudinal  elasticity  as  determined  by  the 

*  The  numbers  in  this  column  are  the  means  of  several  observations  witii  each 
lotd. 

t  The  note  with  the  load  of  6  kilos,  was  not  quite  so  dear  as  that  obtained  with 
tbe  other  three  loads. 

{  <FhiL  Timns.,'  toL  174  (Part  I),  1883. 
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statical  metbod  is  decidedly  less  than  when  rest  has  been  allowed  after 
the  permanent  extension^  The  effect  of  rest  in  increasing  the  elasticity 
appeared  to  be  lens  the  less  the  temporary  load  used  iu  testing  the 
elasticity,  and  it  seemed  of  some  interest  to  ascertain  in  the  first  place 
the  effect  of  permanent  extension  on  the  velocity  of  sound,  and  in  the 
second  whether  rest  would  appreciably  alter  the  yelocily.  The  follow- 
ing experiment  was  therefore  tried. 

Experiment  IX. 

A  well-annealed  iron  wire  was  stretched  sufficiently  by  a  temporary 
load  to  give  a  clear  note  when  rubbed  longitudinally.  The  pitch  of 
the  note  was  then  taken  on  a  monochord,  and  again  after  the  wire  had 
suffered  more  and  more  permanent  extension,  the  same  temporary  load 
being  used  throughout,  and  the  wire  being  shortened  to  its  original 
length  after  each  permanent  extension. 


Percentage  perpnanent  increase 
of  length. 

Len^h  in  centimetres  of  the 
-Wire  of  the  monochord  when 
the  latter   gave   the  same 
note  aa  the  loiuntadinally 

rubbed  wire. 

0-00 

1  82 

.     4-00 

6  86 

9-10 

18-64 

17  00 

29-34 
29-84 
29-84 
29-84 
29*34 
20-34 
29-84 

It  will  be  seen  from  the  above  that  the  pitch  of  the  note  remained, 
as  far  as  could  be  judged,  absolutely  unaltered  by  the  permanent 
extension.  After  one  hour's  rest,  however,  it  seemed  to  be  appreci* 
ably  sharper,  the  frequency  as  determined  by  the  syren  being  458*5 
as  against  458*1,  the  frequency  before  stretching  and  before  rest, 
though  after  recent  permanent  extension.  It  would  thus  appear  that 
rest  after  permanent  extension  does  very  slightly  increase  the  velocity 
of  sound  in  the  case  of  iron. 

The  permanent  increase  of  velocity  of  sound  can,  however,  be 
almost,  if  not  entirely,  accounted  for  by  the  diminution  of  density. 
The  latter  amounted  altogether  to  0*17  per  cent.,  and  this  diminution 
would  cause  an  increase  in  the  velocity  of  sound  of  0*085  per  cent., 
yhereas  the  actual  increase  observed  was  only  0*087  per  cent.  We 
must  therefore  conclude  that  the  elasticity  was  not  appreciably 
affected  permanently  by  the  permanent  extension*  though  rest  did 
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spfparentlj  yery  slighUj  increase  the  elasticity  after  reeent  permanent 
extension. 

Several  other  experiments  of  a  like  nature  were  made*  with  annealed 
iron,  hnt  all  seemed  to  show  that  the  elasticity  as  tested  by  the  method 
of  longitudinal  vibrations  was  not  appreciably  altered  permanently  by 
permanent  extension. 

Similar  experiments  to  the  above  were  mad^  with  annealed  copper 
wire,  and  with  similar  resnHs,  except  as  vegards  the  effect  of  rest, 
which  in  this  case  produced  no  change. 

A  Comparison  of  Moduli  of  TortionaV  EhHicittf  as  determined  hij  the 

Statical  and  Kiitetioal  Methods, 

Siatxcal '  Method, 

The  wire  to  be  tested,  abont  28  feet  in  length,  was  fastened  at  its 
upper  extremity  to  a  clamp  secured  to  a  siont  iron  bracket.    The  lower 
extremity  of  the  wire  was  clamped  at  C,-fig.  2,  Plate  2,  the  extremity 
of  a  brass  rod  \  incL  fn  diameter,  and  1^  feet  iu  length ;  the  rod  passed 
vertically  through  the  centre  of  a  horizontal  brass  plate  P,  8  inches  in 
diameter,  so  that  half  of  the  rod  was  above  and  the  other  half  below 
the  plate ;  the  lower  half  of  the  rod  terminated  in  a  hook  to  which 
was  suspended  a  scale- pan,  S,  weighing  2  kilos.     The  torsion  was 
effected  by  placing  weights*  in  two  scale-pans,  T,  made  of  cardboard, 
and  weighing  10  grams  each ;  the  scale-pans,  T,  were  fastened  each  to 
one  extremity  of  a  light  silk  thread,  which  passed  over  a  pulley,  W, 
And  was  wrapped  a  few  times  round  the  rod ;  the  two  threads  were 
^nvpped  round  the  rod  in  opposite  directions,  so  that  when  equal 
heights  were  placed  in  the  scale-pans,  T,  a  torsional  couple  was  pro- 
duced.    The  plate  P  was  divided  at  its  circumference  into  degrees, 
And  by  using  a  fine  steel  pointer  (fig.  3),  placed  above  the  rim  of  the 
plate,  and  nearly  but  not  quite  touching  it,  it  was  possible  to  estimate 
te  one-tenth  of  a  degree.     The  stands  carrying  the  pullies,  W|  were 
capable  of  being  moved  either  vertically  or  horizontally  in  any  direc- 
tion, and  great  care  was  taken  to  ensure  that  the  parts  of  the  silk 
threads  between  the  rod  and  the  pullies  were  parallel  to  each  other. 
In  order  to  accomplish  this  last  the  adjustments  were  made  in  the  first 
instance  as  nearly  correct  as  the  eye  could  judge ;  torsion  was  now 
imparted   in  the   manner  described,   and  after  the  plate  had  been 
twisted  through  about  360  degrees,  the  position  of  the  end  of  the 
pointer,  as  regards  its  distance  from  the  rim  of  the  circular  plate,  wns 
noted.     If  this  distance  was  not  the  same  as  before  the  application  of 
the  torsion,  one  or  both  of  the  pulley  stands  were  shifted  in  a  hori* 
zontal  plane  until  there  was  no  perceptible  difference  in  the  distance 

*  Tliefe  weightf  were  of  thin  strips  of  German  silrer  and  were  each  made  rery 
•eeorately  equal  to  10  grams. 

JOL,  XUII,  \ 
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of  the  end  of  the  pointer  from  the  rim  of  the  plate  before  and  after 
torsion. 

When  the  horizontal  adjustment  was  satisfactorily  completed,  the 
silk  threads  could  be  made  perpendicalar  to  the  axis  of  the  rod  by 
shifting  the  pulley  stands  up  or  down  in  a  vertical  plane,  until  any 
given  load  in  each  pan  produced  a  maximum  tvristing  effect.  The 
pnllies,  Wf  were  large  and  light,  and  so  delicately  balanced -that  the 
loss  from  friction  was  very  slight.  This  loss  from  friction,  small  as  it 
was,  could  bo  eliminated  in  the.  following  manner : — Suppose  that  the 
torsional  stress  has  twisted  the  plate  through  a  certain  number  of 
degrees,  the  plate  is  now  twisted  very  carefully  by  hand  a  little  further, 
and  this  stress  then  very  gradually  relaxed ;  let  D^  be  the  present 
position  of  the  pointer.  Again,  let  the  original  torsional  stress  be 
carefully  relaxed  a  little,  and  then  very  gradually  restored,  the  pointer 
will  now  take  up  a  new  position,  D^.  The  true  position  of  the  pointer, 
if  there  were  no  friction,  would  be  Dj  +  1^2/2.  At  least  ten  trials  were 
made  with  each  of  the  torsional  stresses  employed,  and  the  mean  of 
the  different  readings,  which  accorded  very  well  with  each  other,  was 
taken. 

In  Older  to  apply  the  torsional  stress  with  sufficient  gentleness,  the 
following  plan  was  adopted : — Two  smooth  blocks  of  wood  were  placed 
with  a  face  of  each  in  contact  with  two  opposite  sides  of  the  scale-pan, 
S,  so  that  neither  the  pan  nor  the  plate,  P,  would  move  when  weights 
were  put  in  the  smaller  pans,  T.  As  soon  as  the  latter  were  loade<l, 
the  blocks  of  wood  were  gi*adually  and  gently  removed  from  the  side", 
so  as  to  permit  of  the  torsional  stress  producing  its  effect  by  slow 
degrees.* 

Prof.  G.  Wiedemann  has  already  shown  in  his  experiments  on 
torsion  by  the  statical  method,  that  the  torsional  elasticity  is  inde- 
pendent of  the  amount  of  longitudinal  stress  which  may  be  acting 
on  the  wire  at  the  same  time  as  the  torsional  stress,t  and  the  author 
has  also  proved  that  this  is  the  case  when  the  kinetical  method  is 
adopted.^  However,  it  was  considered  advisable  to  make  a  few  pre- 
liminary experiments,  to  ascertain  whether  temporary  loading  would 
affect  the  torsional  rigidity.  It  is  unnecessary  to  enter  into  the  results 
of  these  preliminary  trials  further  than  to  say  that  they  fully  verified 
Pi'of.  G.  Wiedemann's  previous  observations  for  all  the  metals  which 
were  examined. 

Before  commencing  the  actual  testing  the  wire  was  frequently  set 

*  This  plan  was  found  \o  answer  the  purpose  very  well.  Professor  Or,  Wiedemaim 
has  adopted  a  much  more  elaborate  arrangement  for  effecting  the  same  object,  but 
the  author  cannot  help  thinking  that  with  care  such  a  de?ice  as  tliat  mentioned 
above  is  quite  sufficient  to  preyent  the  stress  from  being  applied  too  suddenly. 

t  <  Wiedemann's  Annalen,'  vol.  6,  1879 ;  '  Phil  Mag.,'  Jan.  and  Feb.,  i88a 

J  *  PhU.  T  a  IS.,'  ToL  177  (Part  II),  1886. 
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in  toTsional  oscillatioii  with  a  load  in  the  pan,  S,  slightly  greater  than 
anj  which  it  was  intended  to  use,  and  after  each  set  of  oscillations  a 
long  rest  .was  allowed.  The  object  of  this  preliminary  treatment*  was 
to  extend  the  limit  of  elasticity  as  much  as  possible. 

Again,  immediately  before  the  testing  the  wire  was  set  in  torsional 
oscillation,  but  not  tbroagh  a  greater  arc  than  that  through  which  it 
was  intended  eventually  to  twist  the  wire.f  Finally,  the  loads  which 
were  intended  to  be  used  in  the  pans,  T,  were  put  in  and  taken  out 
ten  or  a  dozen  times,  and  then  the  actual  tHals  began,  the  load  in  the 
pan,  S,  haying  been  some  time  previously  reduced  to  the  amount  to 
\»  used  in  the  trial.  The  following  experiment  will  give  a  fair 
lotion  of  the  degree  of  accuracy  which  was  obtained. 

Experiment  X. 

A  hard-drawn  aluminium  wire,  about  800  cm.  long,  and  O'l  cm.  in 
diameter.  The  load  on  the  wire  was  merely  that  of  the  scale-pan, 
ve.,  2  kilos. 


Loftd  in  each  pan 
producing  torsion. 

Position  of  index. 

Degrees  of  tonion 
produced  bj  the 
torsional  stress. 

Ogrms. 
20     „ 

0     „ 
20     „ 

0     „ 
20     „ 

0     „ 
20     „ 

0     „ 

20     „ 

0     „ 

230-70 

51-70 
233 -93 

50-95 
231  -20 

61-70 
233-90 

52-80 
233  05 

61-73 
233  -05 

179-00 
182-28 
182  -98 
180*25 
179-50 
182  20 
181-10 
180-25 
181  -32 
181  -32 

Mean 

181 -02 

The  probable  error  of  the  mean  value  181*02,  given  above,  is 
0*14  per  cent. 

A  set  of  observations  was  next  made  with  10  grams  instead  of 
20  in  the  pans,  T,  the  mean  number  of  degrees  of  torsion  being  in 
this  case  90*43,  with  a  probable  error  of  0*36  per  cent.  Within  the 
limits  of  probable  error  90*43  is  the  half  of  181*02.     In  calculating 

*  The  period  of  this  treatment  depends  upon  the  nature  of  the  metal ;  with  iron 
it  is  tdrisahle  that  it  should  extend  over  a  couple  of  dajs. 

t  The  object  of  this  -mil  be  seen  from  the  author's  paper  on  *'  The  Internal 
Friotion  of  MetaU,"  '  PhU.  Trans./  toL  177  (Part  II),  1886. 

li 
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this  resnlt  it  was  assumed  that  the  namber  of  degrees  of  torsion  pro* 

J      J     ui.  lA              •         I,     ^  *i,          -  rp           90-43  +  i(18l02) 
dnoed  witn  10  grams  in  each  of  the  pans,  T,  was ^ » 

St 

or  90-47. 

The  yalne  of  the  modulus  of  torsional  elasticity  in  grams  per  sqaare 
centimetre  can  be  found  from  the  formula — 

L  X  D  X  P  X  360 
n  =  — 


n 


xS« 


where  L  is  the  length  of  the  wire  in  centimetres,  S  the  section  in  square 
centimetres,  P  the  number  of  grams  in  each  pan,  n  the  number  of  deg^es 
of  torsion,  r,  the  modulus  of  torsional  elasticity  determined  by  the 
statical  method,  and  D  is  the  arm  of  the  couple  P  x  D  in  centimetres. 
The  value  of  D  was  determined  very  carefully  by  a  wire  gauge  reading 
toy^th  of  a  millimetre,  due  allowance  being  made  for  the  thickness  of 
the  silk  thread,  and  proved  to  be  0*9668  cm.  The  value  of  L  varied 
in  the  different  experiments  from  650  to  800  cm.,  and  within  the 
limits  of  errors  of  observations  the  strain,  as  in  the  above  experiment, 
was  exactly  proportional  to  the  stress.  The  diameter  of  each  of  the 
wires  was  very  nearly  1  mm.,  and  in  only  one  instance*  was  the  value 
of  n  carried  beyond  200°.  As  far  as  could  be  ascertained  the  torsional 
stress  never  exceeded  the  limit  of  elasticity,  the  recovery  being  in  all 
instances  apparently  perfect.f 

As  soon  as  the  determination  of  the  modulus  of  torsional  elasticity 
by  the  statical  method  had  been  satisfactorily  concluded,  the  modulus 
was  redetermined  by  the  method  of  torsional  vibrations.  The  time  of 
vibration  was  in  the  case  of  each  wire  taken  from  the  mean  of  a  large 
number  of  observations,  first  wifch  only  the  graduated  plate  attached 
to  the  wire,  and  again  when  the  moment  of  inertia  of  the  plate  had 
been  supplemented  with  a  hollow  ring  of  copper,  turned  true  inside 
and  outside,  and  of  which  the  moment  of  inertia  could  be  calculated 
with  considerable  accuracy.  The  error  likely  to  arise  in  the  determi- 
nation of  the  modulus  of  torsional  elasticity  by  the  kinetical  method 
would  not  in  any  case  be  greater  than  O'l  per  cent.  In  the  next  table 
will  be  found  the  results  obtained  by  both  methods : — 


*  That  of  pUtinum  in  which  the  yalue  of  n  was  210. 

t  This  does  not  necessarilj  implj  perfect  elasticity,  as  for  this  the  reoorerj  of  the 
wire  on  the  removal  of  the  stress  should  be  inttantaneouM,  Whether  this  was  so 
eovld  not,  of  course,  be  ascertained. 
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Table  IV. 


Modulus  of 

torsional 

elasticity  in 

grams  per 

Ditto  obtained 

r- 

MetaL 

Condition. 

square  centi- 

by the  kinetical 

^"  • 

metre  obtained 

method. 

♦•* 

by  the  statical 

method. 

r,. 

r*. 

Iron 

Annealed 

761 -6  X 10« 

766 -5  X 10« 

1-020 

Platinum  . . . 

Unannealed 

662*2 

663-5 

1-002 

surer 

i» 

275-5 

278  0 

1009 

AlnTnininm , . 

i» 

267  7 

266-9 

0-997 

The  yalaoB  of  rk  given  in  Table  lY  were  obtained  from  the 
formula — 

***  "  981-4^V' 

where  L  is  the  length  of  the  wire,  t  the  time  of  vibration,  a  the 
section,  M  the  moment  of  inertia,  and  981*4  is  the  value  of  g  at  the 
place,  the  units  being  throughout  C.Q.S. 

It  will  be  seen  that  for  the  hard-drawn  metals  the  values  of  r«  and 
Tk  agree  with  each  other  within  the  limits  of  errors  of  observation,  and 
that  for  these  metals  the  mean  value  of  n/r^  is  ]  '0043.  It  is  impos- 
sible in  this  case  to  make  an  exact  comparison  of  the  values  of  r,  and 
Tit)  when  for  the  former  allowance  is  made  for  the  effects  of  loss  and 
gain  of  heat,  since  the  times  of  vibration  in  the  kinetical  method 
were  too  long*  to  avoid  gain  and  loss  of  heat  in  using  the  method, 
but  if  the  correction  could  be  accurately  applied,  it  would  evidently 
on  the  whole  bring  still  greater  accordance  between  the  values  of  rk 
and  r,. 

For  the  annealed  iron  the  value  of  r,  exceeds  that  of  n  by  an 
amount  which  is  greater  than  can  be  attributed  either  to  heating  and 
cooling  effects  or  to  errors  of  observation. 

Sunvmary, 

1.  The  value  of  the  modulus  of  longitudinal  elasticity  for  hard- 
drawn  metals,  as  determined  by  the  statical  method  of  loading,  accords 
with  the  value  obtained  by  the  method  of  longitudinal  vibrations,  pro- 
vided the  deformations  produced  in  using  the  former  method  are  suffi- 
ciently small. 

•  The  idmes  oi  ribntion  varied  from  6  to  9  secoudt. 
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2.  The  Telocity  of  sonnd  in  a  wire  is  independent  of  the  load  on 
the  wire. 

3.  The  velocity  of  sonnd  in  a  wire  is  not  sensibly  altered  by  perma- 
nent extensions  of  the  wire,  provided  sufficient  rest  be  allowed  after 
the  permanent  extension  has  taken  place. 

4.  The  value  of  the  modulus  of  torsional  elasticity  as  determined 
by  the  statical  method,  accords  with  the  value  obtained  by  the  method 
of  torsional  vibrations  for  most  metals  in  the  hard-drawn  condition, 
provided  the  deformations  produced  are  sufficiently  small. 


"  On  the  present  Position  of  the  Question  of  the  Sources  of 
the  Nitrogen  of  Vegetation,  with  some  new  Results,  and 
preliminary  Notice  of  new  Lines  of  Investigation."  By  Sir 
J.  B.  Lawes,  Bart,  LL.D.,  F.R.S.,  and  J.  H.  Gilbert. 
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For  many  years  past  the  question  of  the  sources  of  the  nitrogen  of 
onr  crops  has  been  the  snbject  of  much  experimental  enquiry  both  at 
Bothamsted  and  elsewhere.  Until  quite  recently,  the  controversy 
has  chiefly  been  as  to  whether  plants  directly  assimilate  the  free 
nitrogen  of  the  atmosphere;  but,  during  the  last  few  years,  the 
discussion  has  assumed  a  somewhat  different  aspect.  The  question 
still  is  whether  the  free  nitrogen  of  the  air  is  an  important  source 
of  the  nitrogen  of  vegetation  ;  but  whilst  few  now  adhere  to  the  view 
that  chlorophyllons  plants  directly  assimilate  free  nitrogen,  it  is 
nevertheless  assumed  to  be  brought  under  contribution  in  various 
ways,  coming  into  combination  within  the  soil,  under  the  influence  of 
electricity,  or  of  micro-orgai^isms,  or  of  other  low  forms  which  thus 
indirectly  serve  as  an  important  source  of  the  nitrogen  of  plants 
of  a  higher  order.  Several  of  the  more  important  of  the  investigations 
in  the  lines  here  indicated  seem  to  have  been  instigated  by  the 
assumption  that  natural  compensation  must  be  found  for  the  losses  of 
combined  nitrogen  which  the  soil  sustains  by  the  removal  of  crops, 
and  for  those  which  result  -from  the  liberation  of  nitrogen  from  its 
combinations  under  various  circumstances. 

We  propose  to  summarise  some  of  our  own  more  recently  published 
results  bearing  on  various  aspects  of  the  subject,  to  put  on  record 
additional  results,  to  give  a  preHminary  notice  of  new  lines  of  enquiry, 
and  to  discuss  the  evidence  so  adduced  with  reference  to  the  results 

*  This  Preliminary  Notice  was  originallj  intended  to  hare  serred  as  the  Abstract 
of  a  fuller  paper,  and  is  so  referred  to  in  the  account  of  the  meiBting  of  June  16 
(yd  4&,  p.  483). 
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and  coDclasioziB  of  others  which  have  recently  been  pat  forward,  as 
above  allnded  to. 

In  our  earlier  papers  we  had  concladed  that,  excepting  the  small 
anM>ant  of  combined  nitrogen  annaallj  coming  down  in  rain  and  the 
minor  aqneoos  deposits  from  the  atmosphere,  the  source  of  the 
nitrogen  of  oar  crops  was,  sabstanliallj,  the  stores  within  the  soil 
and  subsoil,  whether  derived  from  previous  accumulations,  or  from 
recent  sapplies  by  manure. 

More  recently  we  have  shown  that  the  amount  of  nitrogen,  as  nitric 
acid  in  the  soil,  was  much  less  after  the  growth  of  a  crop  than  under 
comparable  conditions  without  a  crop.  In  the  case  of  gramineous 
CR^  the  evidence  pointed  to  the  conclusion  that  most,  if  not  the 
whole,  of  their  nitrogen  was  taken  up  as  nitric  acid.  In  the  experi- 
ments with  leguminous  crops  the  evidence  was  in  favour  of  the  suppo- 
sition that,  in  some  casep,  the  whole  of  the  nitrogen  had  been  taken 
np  as  nitric  acid,  whilst  in  others  that  source  seemed  to  be 
inadequate. 

It  was  further  shown  that,  under  otherwise  parallel  conditions, 
there  was  much  more  nitrogen  as  nitric  acid  in  soils  and  sub- 
soils down  to  a  depth  of  108  inches  where  leguminous  than  where 
gramineous  crops  had  for  some  time  been  grown.  The  indication 
was  that  nitrification  had  been  more  active  under  the  influence  of 
legnminoQS  than  of  gramineous  growth  and  crop  residue.  At  the 
aame  time,  comparing  the  amounts  of  nitrogen  as  nitric  acid  in  the 
toil  where  the  shallow  rooting  Trifolium  repens  had  previously  been 
grown,  with  those  where  the  deeper  rooting  Vicia  sattva  had  yielded 
hit  crops,  it  was  found  that,  at  every  depth  of  9  inches  down  to  a 
total  depth  of  108  inches,  the  Vicia  soil  contained  much  less  nitric 
acid  than  the  Trifolium  repens  soil ;  and  it  was  concladed  that  much 
if  not  the  whole,  of  the  nitrogen  of  the  Vicia  crops  had  been  taken  up 
as  nitric  acid. 

New  results  of  the  same  'kind,  which  related  to  experiments 
with  Trifolium  repens  as  a  shallow  rootiug  and  meagrely  yielding 
plant,  to  Melilotus  leucantha  as  a  deeper  rooting  and  freer  growing 
one,  and  to  Medicago  sativa  as  a  still  deeper  rooting  and  still  freer 
growing  plant,  very  strikingly  illustrated  and  confii*med  the  result  of 
the  exhaustion  of  the  nitric  acid  of  the  subsoil  by  the  strong,  deep- 
rooting,  and  high  nitrogen-yielding  Leguminosae.  For  example,  at 
each  of  the  twelve  depths  of  the  Medicago  soil  there  remained  very 
much  less  nitrogen  as  nitric  acid  than  where  very  much  less 
idtrogen  had  been  removed  in  the  Trifolium  repens  crops ;  there  being 
on  the  average  not  one- twelfth  as  mnch  in  the  lower  ten  depths 
of  the  Medicago  soil  as  in  the  corresponding  depths  of  the  2Vt- 
foUum^  repens  soil.  Still,  the  figures  did  not  justify  the  conclusion 
that  the  whole  of  the  large  amount  of  nitrogen  taken  \xi^  \s^  \}[i« 
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Medicago  crops,  could  have  had  its  source  in  nitric  acid.  It  is  obvions 
that  much  nitrification  takes  place  near  the  sorfaoe,  but  as  the 
sarface-soil  became  even  somewhat  richer  in  nitrogen,  it  was  clear 
that  the  surface-soil  has  not  been  the  primary  source  of  the  large 
amounts  of  nitrogen  taken  up  by  the  plants.  That  source  must  in 
fact  be  either  the  atmosphere,  or  the  subsoil ;  and  if  the  subsoil,  and 
yet  not  wholly  as  nitric  acid,  the  question  arises  in  what  other  form 
of  combination  ? 

In  another  experiment,  one  leguminous  crop,  beans,  had  been  grown 
for  many  years  in  succession,  and  finally  yielded  very  small  crops, 
containing  loss  than  30  lbs.  of  nitrogen  per  acre.  The  land  was  then 
left  fallow  for  several  years ;  barley  and  clover  were  sown  in  1883, 
and  in  that  year,  1884,  and  1885,  about  300  lbs.  of  nitrogen  per  acre 
were  removed,  chiefly  in  (the  clover  crops.  This  result  was  obtained 
where  another  leguminous  crop  had  practically  failed,  where  the 
surface- soil  had  become  very  poor  in  total  nitrogen,  where  there 
existed  a  very  small  amount  of  ready-formed  nitric  acid  to  a  con- 
siderable depth,  and  <where  the  surface  was  unusually  poor  in  nitro- 
genous crop  residue  for  nitrification.  Further,  not  only  had  this 
large  amount  ol  nitrogen  been  removed  in  the  clover  crops,  but  the 
suribce-soil  became  determinably  richer  in  nitrogen.  Here  again, 
then,  the  primary  source  of  the  nitrogen,  of  the  crop  could  not  have 
been  the  surface-soil  itself.  It  must  have  been  either  the  atmosphere, 
or  the  subsoil^  and  assuming  it  to  be  the  subsoil,  the  question  arises 
whether  it  was  taken  up  as  nitric  acid,  as  ammonia,  or  as  organic 
nitrogen  P 

The  results  :adduced  could  leave  no  doubt  that  nitric  acid  was  an 
important  source  of  the  nitrogen  of  the  Legaminossd.  Indeed,  existing 
experimental  evidence  relating  to  nitric  acid  carries  us  quantitatively 
fm*ther  than  any  other  line  of  explanation.  But  it  is  obviously  quite 
inadequate  to  account  for  the  facts  of  growth,  either  in  the  case  of  the 
Medicago  sativa  experiments,  or  in  that  of  the  clover  on  the  bean- 
exhausted  land. 

Direct  experiments  were  made  to  determine  whether  the  nitrogen 
of  the  Rothamsted  raw  clay  subsoils,  from  which  it  is  assumed 
much  nitrogen  has  been  derived  in  some  way,  was  susceptible  of 
nitrification,  provided  the  nitrifying  organisms,  and  other  necessary 
conditions,  were  present.  It  was  found  that  the  nitrogen  of  such 
subsoils,  containing  only  about  0*04  or  0*05  per  cent,  of  nitrogen, 
and  not  more  than  6  or  8  parts  of  carbon  to  1  part  of  nitrogen,  was 
susceptible  of  nitrification.  It  was  also  found  that  nitrification  was 
more  active  in  leguminous  than  in  gramineous  crop  subsoils.  Ob- 
viously, however,  the  conditions  of  nitrification  in  which  samples  are 
exposed  in  the  laboratory,  are  very  difEerent  from  those  of  the  subsoil 


On  the  Sources  of  the  Nitrogen  of  Vegetation.  Ill 

Althongli  the  eyidence  is  o^ear  that  the  nitrogen  of  raw  clay  sub- 
soils, which  constitutes  an  enormous  store  of  already  combined 
nitrogea,  is  susceptible  of  nitrification,  provided  the  organisms  are 
present  and  the  supply  of  oxygen  is  sufficient,  the  data  at  command 
do  not  indicate  that  these  conditions  could  be  adequately  available  in 
Buch  cases  as  those  of  the  very  large  accumulations  of  nitrogen  by 
the  Medieago  saiiva  for  a  number  of  years  in  succession,  or  by  the 
red  clover  on  the  bean* exhausted  land. 

The  question  arose — ^whether  roots,  by  virtue  of  their  acid  sap,  might 
oot,  either  directly  take  up,  or  at  any  rate  attack  and  liberate  for 
farther  change,  the  otherwise  insoluble  organic  nitrogen  of  the  sub- 
soil.   Accordingly,  in  the  autumn  of  1885  specimens  of  the  deep, 
rtrong,  fleshy  root    of    the    Medieago    sativa   were    collected    and 
examined,  when  it  was  found  that  the  sap  was  very  strongly  acid. 
The  degree  of  acidity  was  determined,  and  attempts  were  made  so  to 
free  the  extract  from  nitrogenous  bodies  as  to  render  it  available  for 
determining  whether  or  not  it  would  attack  and  take  up  the  nitrogen 
of  the  raw  clay  subsoil.     Hitherto,  however,  these  attempts  have  been 
uuBuooessfal. 

Also  in  the  autumn  of  1885,  when  this  difficulty  first  arose,  it  was 
decided,  in  the  mean  time,  to  examine  the  action  on  soils  and  subsoils 
of  various  organic  acids,  in  solutions  of  a  degree  of  acidity  either 
approximately  the  same  as  that  of  the  lucerne  root-juice,  or  having  a 
known  relation  to  it.  The  acids  used  were  the  malic,  citric,  tartaric, 
oxalic,  acetic,  and  formic. 

It  was  found  that  the  weak  organic  acid  solutions  did  fake  np  some 
nitrogen  from  the  raw  clay  subsoil,  and  more  from  the  poor  lucerne 
snrfiftce-soil.  But  when  solutions  of  only  approximately  the  acidity 
of  the  root-sap  were  agitated  with  an  amount  of  soil  which  it  was 
thought  would  be  sufficient  to  yield  so  much  nitrogen  as  to  insure 
ftocnrate  determination,  it  was  found  that  the  acid  frequently  became 
neutralised  by  the  bases  of  the  soil,  and  that  less  nitrogen  remained 
dissolved  after  a  contact  of  twenty-four  hours,  or  more,  than  after 
only  one  hour.  The  strength  of  the  acid  liquids  was  therefore  in- 
cieasedy  and  the  relation  of  soil  to  acid  diminished.  More  nitrogen 
was  then  taken  up,  and  more  after  the  longer  than  the  shorter  period 
of  contact.  Still,  on  adding  fresh  acid  solution  to  the  already  once 
extracted  soil,  a  limit  to  the  amount  of  nitrogen  rendered  soluble  was 
Boon  reached. 

Here  again,  the  conditions  of  experiment  in  the  laboratory  are  not 
comparable  with  those  of  the  action  of  living  roots  on  the  soil,  and 
the  results  obtained  do  not  justify  any  very  definite  conclusions  as  to 
whether  the  action  of  the  roots  on  the  soil  by  virtue  of  their  acid  sap 
is  quantitatively  an  important  source  of  the  nitrogen  of  plants  having 
an  extended  development  of  roots,  of  which  the  sap  ia  atrou^Vj  ^v^« 


112  .  Sir  J.  B.  Lawes  and  Pirof.  X  H.  Gilbert 

Provided  this  were  clearl j  established  to  be  the  case,  the  qmestion 
would  still  remain,  whether  the  complex  nitrogenous  body  is  merely 
rendered  soluble,  and  taken  up  as  such,  as  is  probably  the  case  with 
the  fungi,  or  whether,  after  bein^  attacked,  it  is  subjected  to  further 
change  before  entering  the  plant  P 

In  the  autumn  of  1885,  Dr.  G.  Loges  published  the  results  of 
jBzperiments  in  which  he  acted  upon  soils  by  pretty  strong  hydro* 
chloric  acid,  and  determined  the  amount  of  nitrogen  taken  up 
('Versuchs-Stationen/  vol.  32,  p.  201).  One  of  his  soils  contained  0*804, 
and  the  other  0^367  per  cent,  of  nitrogen ;  whilst  the  surface  soil  of 
the  lucerne  plot  at  Bothamsted  contained  only  about  0*122,  and  the 
subsoil,  which  is  assumed  to  have  yielded  large  quantities  of  nitrogen 
to  the  crops,  little  more  than  0*04  per  cent.  Again,  in  the  one  case, 
Loges  found  40  per  cent,  and  in  the  other  22*6  per  cent.,  of  the 
total  nitrogen  taken  up.  It  is  obvious,  therefore,  that  such  an  maitkm 
is  not  directly  comparable  with  that  of  root-sap  on  a  poor  subsoil. 

Loges  states  that  in  experimenting  with  a  great  variety  of  soils  he 
has  always  found  the  hydrochloric  acid  extract  gave  the  phospho* 
tungstic  precipitate,  from  which  it  is  concluded  that  the  snbstanoa 
taken  up  is  an  amide  or  peptone  body. 

Still  more  recently,  MM.  Berthelot  and  Andr6  (*  Compt*  Bend.,'  vol. 
103,  1886,  p.  1101)  have  published  the  results  of  experiments  to  de* 
termine  the  character  of  the  insoluble  nitrogenous  compounds  in  soiUn 
and  of  the  changes  they  undergo  when  acted  upon- by  hydrochloric  acid 
of  various  strengths,  for  shorter  or  longer,  peiiods,  and  at  different 
temperatures.  They  found  the  nitrogen  in  the  extract  existed  partly 
as  ammonia,  but  in  much  larger  proportion  as  soluble  amides,  and 
that  the  amounts  obtained  for  both  increased  with  the  strength  of  acid, 
the  time  of  contact,  and  the  temperature.  They  also  call  attention  to 
the  fact  that  when  the  clear  filtered  acid  extract  is  exactly  neutralised 
by  potash,  one  portion  of  the  amide  still  remains  soluble,  whilst 
another  is  precipitated,  showing  that  the  amides  rendered  soluble 
constitute  two  groups.  Such  re-precipitation  is  quite  in  accordanoe 
with  the  results  obtained  in  our  own  experiments,  in  which  less 
nitrogen  remained  dissolved  after  twenty-four  hours,  than  after  only 
one  hour's  contact,  when,  with  the  longer  period,  the  acidity  of  the 
extract  became  neutralised. 

As  in  Loges*  experiments,  so  in  those  of  MM.  Berthelot  and  AndrS) 
the  strength  of  acid  used  was  in  all  cases  much  greater  than  in  thai 
of  the  Bothamsted  experiments,  and  very  much  grreater  than  is  likely 
to  occur  in  any  root-sap.  Farther,  the  soil  they  operated  upon  was 
about  four  times  as  rich  in  nitrogen  as  the  Bothamsted  subsoils,  whilst, 
with  the  strongest  acid,  and  a  temperature  of  100°  C,  about  one^ 
fourth  of  the  total  nitrogen  of  the  soil  was  dissolved. 
.    StiJI,  the  resultfi  of  Loges,  and  of  Berthelot  and  Andr6,  are  of  much 
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interest  as  oonfirming  the  supposition  that  the  insolable  nitrogenout 
oompomids  in  soils  are  amide  bodies,  and  as  indicating  the  changes  to 
which  they  are  subject  when  acted  upon  by  acids.  Supposing  the 
acid  root-sap  so  to  act  on  the  insoluble  organic  nitrogen  of  the  soil, 
and  especially  of  the  subsoil,  as  already  said,  the  question  still  i*emain8, 
whether  the  amide  rendered  soluble  is  taken  up  as  such,  or  undergoes 
farther  change  before  serving  as  food  for  the  plant  ?  It  is  seen  that 
ammonia  is  an  essential  result  of  the  reaction ;  and  as,  so  far  as  our 
experiments  go,  nitric  acid  seems  to  be  a  more  prominent  constituent 
of  the  root*sap  than  ammonia,  the  question  arises  whether  the  liberated 
smmonia  is  not  oxidated  into  nitric  acid  before  being  taken  upP 
Then,  again,  is  the  soluble  amide  subjected  to  further  change — perhaps 
first  yielding  ammonia,  and  this  again  nitric  acid  ?  On  this  supposi- 
tion we  are  again  met  with  the  difficulty  as  to  the  sufficient  aeration 
of  the  subsoil. 

Supposing  any  considerable  amount  of  the  amide  rendered  soluble 
may  be  taken  up  by  the  plant  as  such,  it  is  obviously  of  interest  to 
consider  what  is  the  evidence  bearing  on  the  question  v?hether  plants 
can  take  up  such  bodies  and  assimilate  their  nitrogen  ?  The  condi- 
tions of  experiment  and  the  results  obtained  by  varioas  experimenters, 
hare  therefore  been  considered.  The  substances  which  have  been 
experimented  upon  are — ^urea,  uric  acid,  hippuric  acid,  guanine,  phos- 
phate of  ammonia,  glycocoll,  creatine,  and  tyrosin.  In  some  cases  the 
experiments  have  been  made  in  soil,  but  in  most  by  the  water-culture 
%iethod. 

In  the  majority  of  cases  there  could  be  little  doubt  that  the  complex 
nitrogenous  body  contributed  nitrogen  to  the  plant,  either  directly  or 
indirectly.  In  the  case  of  the  experiments  with  soil  as  a  matrix,  there 
was  no  direct  evidence  that  the  plant  took  up  the  complex  organic 
body,  as  such ;  and  the  probability  is  that  it  suffered  change  before 
becoming  available.  In  some  of  the  water-culture  experiments, 
especially  when  urea  was  used,  that  substance  was  found  within  the 
plant,  and  it  was  concluded  that  it  contributed  directly  as  a  source  of 
nitrogen  to  it.  Hampe  also  concluded  that  glycocoll  was  as  available 
as  nitric  acid  as  nitrogenous  food  to  plants. 

Upon  the  whole  it  seems  probable,  that  green-leaved  plants  can  take 
np  soluble  complex  nitrogenous  organic  bodies,  when  these  are  pre^ 
sented  to  them  under  such  conditions  as  in  water-culture  experiments, 
and  that  they  can  transform  them,  and  appropriate  their  nitrogen. 
If  this  be  the  case,  it  would  seem  not  improbable  that  they  could  take 
np  directly,  and  utilise,  amide  bodies  rendered  soluble  within  the  soil 
by  the  action  of  their  acid  root-sap. 

In  connexion  with  the  subject  of  the  conditions  under  which  the 
insoluble  organic  nitrogen  of  soils  and  subsoils  may  become  available 
to  cUorophylloiis  plants,  some  resnlt(^  of  Frank  maj  ba  bns&j  ^oik- 
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sidered.  He  observed  that  the  feeding  roots  of  certain  trees  were 
covered  with  a  f  angas,  the  threads  of  which  forced  themselves  between 
the  epidermal  cells  into  the  root  itself,  which  in  such  cases  had  no 
hairs,  but  similar  bodies  were  found  external  to  the  fnugas-mantle, 
which  prolonged  into  threads  among  the  particles  of  soil.  In  the  case 
of  the  Cupulifene  the  occurrence  seemed  to  be  universal,  and  it  was 
to  a  great  extent  limited  to  them,  tboagh  it  has  been  observed  on 
willows,  and  on  some  conifers.  The  development  was  the  greatest  in 
the  first  few  inches  or  richer  layers  of  soil.  Frank  considered  the 
action  to  be  one  of  true  symbiosis,  and  concluded  that  the  chlorophyl- 
lous  tree  acquires  its  soil  nutriment  through  the  agency  of  the 
fangus. 

Here,  then,  is  a  mode  of  accumulation  by  some  green-leaved  plants 
which  allies  them  very  closely  to  fungi  themselves ;  indeed,  it  is  by 
an  action  on  the  soil  which  characterises  non-chlorophyllous  plants, 
that  the  chlorophyllous  plant  acquires  its  soil  supplies  of  nutriment. 
But  inasmuch  as  the  action  is  the  most  marked  in  the  surface  layers 
of  soil  rich  in  humus,  and  it  is  stated  that  the  development  has  not 
been  observed  on  the  roots  of  any  herbaceous  plants,  the  facts  so  far 
recorded  do  not  aid  us  in  the  explanation  of  the  acquirement  of 
nitrogen  by  deep  and  strong  rooted  Leguminosas  from  raw  clay  sub- 
soils. Still,  in  view  of  the  office  within  the  soil  which  is  by  some 
attributed  to  micro-organisms,  and  other  low  forms,  the  observations 
are  not  without  interest. 

Only  very  brief  reference  can  be  here  made  to  the  numerous  experif 
ments  which  have  been  conducted  in  recent  years,  the  results  of  which 
are  held  to  afford  evidence  that  free  nitrogen  contributes  to  the  yield 
in  our  crops — either  through  the  agency  of  the  plant  itself,  or  of  the 
soil  under  the  influence  of  micro-organisms,  or  of  other  non-chloro- 
phyllous forms. 

Some  years  ago,  Berthelot  called  in  question  the  validity  of  the  con- 
clusions from  the  experiments  of  Boussingault,  ourselves,  and  others, 
in  which  it  was  sought  to  determine  whether  plants  assimilated  the 
free  nitrogen  of  the  atmosphere,  by  growing  them  in  enclosed  vessels 
which  excluded  the  possibility  of  electrical  action  within  the  plant  or 
the  soil.  It  is  at  any  rate  coincident  with  the  pretty  general  acceptance 
of  this  objection,  which  obviously  puts  out  of  court  more  exact 
methods,  and  exposes  the  experimenter  to  many  more  possible  sources 
of  error,  that  there  has  been  a  great  accession  of  experimental  evi- 
dence adduced,  which  is  held  to  show  the  participation  of  the  free 
nitrogen  of  the  atmosphere  in  the  results  of  growth.  BLad  the  results 
so  obtained  by  various  experimenters  been  at  all  accordant  one  with 
another,  the  fact  might  have  been  considered  proof  that  the  objection 
was  fully  justified.  They  are,  however,  in  a  quantitative  point  of 
view,  BO  conflicting,  without  any  adequate  explanation  in  the  methods 
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described,  that  it  iis  impossible  to  accept  tbe  whole  as  they  stand,  and. 
for  the  present  it  seems  necessary  to  hold  judgment  on  them  in 
abeyance.  * 

The  various  results  alluded  to  will  be  discussed  in  some  detail  in 
our  full  paper,  but  we  can  only  briefly  refer  here  to  some  of  the 
Tarions  modes  of  explanation  which  have  been  suggested. 

In  the  experiments  of  M.  Berthelot,  in  all  of  which  the  gains  of 
nitrogen  are  comparatively  small,  they  have  in  some  cases  been  attri- 
bated  to  electrical  action,  and  in  others  to  the  action  of  micro-organ- 
isms within  the  soil. 

frank,  experimenting  with  a  soil  very  rich  in  nitrogen,  found  a  loss 
of  combined  nitrogen ;  but,  in  the  case  of  vegetation  experiments,  with 
a  less  rich  soil,  he  generally  found  a  gain.  He  concluded  that  two 
opposite  actions  are  at  work  within  the  soil — one  by  which  nitrogen 
is  set  free,  and  another  by  which  it  is  brought  into  combination ;  the 
latter  being  favoured  by  the  presence  of  living  plants.  He  admits 
that  there  is  no  decisive  evidence  how  this  takes  place ;  but  he  seems 
to  assnme  that  it  is  under  the  influence  of  micro-organisms. 

Hellriegel,  again,  found  that  lupins  did  not  grow  well  in  an  ex- 
perimental soil,  until  he  added  to  it  the  watery  extract  of  a  soil  from 
a  field  where  lupins  were  growing  luxuriantly.  After  this,  his  ex- 
perimental plants  also  grow  well,  developed  the  well-known  nodules 
on  their  roots,  and  showed  a  gain  of  nitrogen.  This,  he  suggested, 
was  probably  due  to  the  action  of  the  nodules  within  the  soil,  bringing 
the  free  nitrogen  of  the  air  into  combination,  and  thus  rendering  it 
available  to  the  growing  lupins.  The  results  of  Tschirch  and  those  of 
Bmnchorst  have,  however,  been  held  to  be  conclusive  against  such  a 
Tiew.  According  to  their  experiments,  the  nodules  have  no  external 
communication  with  the  soil,  but  receive  their  nutriment  from  the 
plant  itself.  On  this  point  it  is  of  interest  to  observe  that,  according 
to  the  recent  experiments  of  Mr.  Marshall  Ward,  on  the  death  of  the 
nodnles  the  spores  become  distributed  in  the  soil,  and,  if  this  be  the 
case,  the  possibility  of  some  action,  whatever  that  may  be,  is  not  yet 
disproved. 

Whatever  may  be  the  exact  facts  in  the  cases  cited,  it  is  at  any  rate 
clear  that  recent  lines  of  explanation  of  the  mode  in  which  some  of 
the  higher  plants  derive  their  nitrogen  involve  the  supposition  of  the 
intervention  of  lower  organisms  in  some  way.  It  must,  however,  be 
admitted  on  a  review  of  the  conflicting  results  at  present  at  command, 
that  they  do  not  justify  any  confident  conclusion  that  the  compensa- 
tions supposed  do  take  place  in  any  important  degree,  or  that  free 
nitrogen  is  to  any  important  extent  brought  into  combination  under 
the  influence  of  the  lower  organisms.  In  the  meantime  it  seems  not 
inappropriate  to  devote  attention  to  some  other  aspects  of  the  subject. 
We  would  submit  that  a  careful  consideration  of  the  history  of 
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agrionltnre,  botb  ancient  and  modem,  fails  to  afiord  evidence  of  com- 
pensation snch  as  is  now  sought  for.  Indeed  we  wonld  say,  as  we 
have  done  before,  that — "  The  history  of  agriculture  thronghont  the 
world,  so  far  as  it  is  known,  clearly  shows  that  a  fertile  soil  is  one 
which  has  accumulated  within  it  the  residue  of  ages  of  previons 
yegetation,  and  that  it  becomes  infertile  as  this  residue  is  exhausted." 
In  conclusion,  we  would  call  attention  to  the  fact,  that  in  the 
Rothamsted  soil  and  subsoil,  down  to  the  depth  at  which  the  action  of 
roots  has  been  proved,  there  exists  a  store  of  about  20,000  lbs.  per 
acre  of  already  combined  nitrogen.  It  is  true  that  many  soils  will 
contain  much  less,  but  many  much  more.  There  is  then  obviously 
still  a  wide  field  for  inquiry  as  to  whether  or  not,  or  in  what  way,  the 
very  large  store  of  already  existing  combined  nitrogen  may  become 
available  to  growing  vegetation.  We  have  indicated  some  of  the  lines 
of  investigation  which  we  are  ourselves  following  up ;  and  we  would 
submit  that,  whether  or  not  the  lower  organisms  may  be  proved  to 
have  the  power  of  bringing  free  nitrogen  into  combination,  it  would 
at  any  rate  be  not  inconsistent  with  well-established  facts,  were  it 
found  that  the  lower  serve  the  higher  by  bringing  into  an  available 
condition  the  large  stores  of  combined  nitrogen  already  existing,  but 
in  a  comparatively  inert  state,  in  our  soils  and  subsoils. 
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Novemher  17,  1887. 

Professor  G.  Q.  STOKES,  D.C.L.,  President,  in  the  Chair. 

An  Address  to  the  Queen  npon  the  completion  of  the  fiftieth  jesr 
of  her  reign,  which  on  June  27th,  during  the  recess  of  the  Society, 
bad  been  graciously  received  by  Her  Majesty  from  the  hands  of  the 
President,  was  read  from  the  Chair. 

.  In  ptirsuance  of  the  Statutes,  notice  of  the  ensuing  Anniversary 
Meeting  was  given  from  the  Chair. 

Sir  James  Cockle,  Dr.  Huggins,  Dr.  Rae,  Mr.  Stainton,  and 
Mr.  Symons  were  by  ballot  elected  Auditors  of  the  Treasurer's 
acoounts  on  the  part  of  the  Society. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered 
for  them. 

The  following  Papers  were  read : — - 

L    "Researches  on  the  Spectra  of  Meteorites.     A  Report  to. 
the   Solar   Physics   Committee."      Communicated   to  the 
Royal   Society  at   the    request  of  the  Committee.     By, 
J.  Norman  Lockyer,  F.R.S. 

Preliminary  Note.     Received  October  4,  1887. 

•  Some  years  ago  I  commenced  a  research  on  t;he  spectra  of  carbon 
in  connexion  with  certain  lines  I  had  detected  in  my  early  photo-' 
graphs  of  the  solar  spectrum.  I  have  been  going  on  with  this  work 
at  intervals  ever  since,  and  certain  conclusions  to  which  it  leads, 
emphasising  the  vast  difference  between  the  chemical  constitution  of 
the  sun  and  of  some  stars,  recently  suggested  the  desirability  of 
obtaining  observations  of  the  spectra  of  meteorites  and  of  the  metallic 
elements  at  as  low  a  temperature  as  possible. 

I  have  latterly,  therefore,  been  engaged  on  the  last-named  inquiri^. 
The  work  already  done,  read  in  conjunction  with  that  on  carbon, 
seems  to  afibrd  evidence  which  amounts  to  demonstration  on  several 
important  points. 

I  think,  therefore,  that  it  may  be  of  use  to  state  some  of  the  con- 
clusions at  once,  though  the  researches  are  still  very  far  from  com- 
plete, and  though  they  must  be  given  with  great  reserve,  as  the 
astronomical  observations  with  which  I  have  had  to  compare  my. 
laboratory  work  have  been  frequently  made  under  conditions  of  very 
lireat  difficulty.  The  evidence  before  me  suggests  the  following 
conclusions:  — 
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(1.)  The  Inminoafl  phenomena,  not  onlj  of  cometfl,  as  determined 
on  other  •  grounds  hj  Schiaparelli,  but  of  all  bodies  in  the  heaTens 
shining  by  their  own  light,  except  stars  like  the  San  and  Sirios,  are 
produced  by  meteorites  in  various  aggregations  and  at  different 
temperatures. 

(2.)  The  temperature  of  the  meteorites  in  some  cases  is  about  that 
of  the  oxjhydrogen  flame. 

(3.)  Among  the  chief  sources  of  fluting  absorption  in  many  ''  stars  ** 
are  manganese  vapours  at  a  low  temperature. 

(4.)  The  bright  flutings  of  carbon  in  some  "  stars,"  taken  in  con- 
junction with  their  absorption  phenomena,  indicate  that  widely 
separated  meteorites  at  a  low  temperature  are  involved. 

(5.)  Olivine  and  kindred  minerals  appear  to  be  chief  bright-line- 
producing  agents  in  the  "  nebulsB." 

(6.)  New  stars  are  produced  by  the  clash  of  meteor  swarms,  the 
bright  lines  seen  being  low  temperature  lines  of  those  elements  in 
meteorites  the  spectra  of  which  are  most  brilliant  at  a  low  stage  of 
heat. 

(7.)  The  sp>ectrum  of  the  hydrogen  in  the  case  of  the  nebulsB  seems  to 
be  due  to  low  electrical  excitation,  as  happens  with  the  spectrum  of. 
carbon  in  the  case  of '  comets.  Sudden  changes  from  one  spectrum  to 
another  are  seen  in  the  glow  of  meteorites  in  vacuum  tubes,  when  a 
current  is  passing. 

Addendum.    Received  November  15,  1887. 

In  anticipation  of  the  detailed  account  and  maps  which  are  now 
being  prepared^  I  beg  to  app>end  a  brief  statement  showing  the  line  of 
investigation  adopted,  and  how  the  various  intercomparisons  of  labor- 
atory and  observatory  work  which  have  suggested  the  above  general 
views  have  been  made. 

Experiments  upon  wJiich  the  foregoing  Gonclusions  depend. 

A.  Experiments  upon  Carbon, 

The  main  conclusions  which  may  be  stated  here  are  that  there  are 
two  systems  of  flutings  which  depend  upon  temperature  only.  At  low 
temperatures  all  compounds  of  carbon  give  a  set  of  simple  flutings, 
the  brightest  of  which  are  at  wave-lengths  4510,  4830,  5185,  and 
5610.  At  higher  temperatures  there  is  a  series  of  compound  flutings, 
the  brightest  edges  of  which  are  at  wave-lengths  4380,  4738,  5165, 
and  5640.  In  the  case  of  compounds  of  carbon  with  hydrogen,  there 
is  an  additional  fluting  at  wave-length  4310,  and  this  is  the  only 
criterion  for  the  presence  of  hydrocarbons  among  the  flutings  shown  oa 
the  map  (see  Map  3). 
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B.  Ewperimente  upon  the  Luminoiis  Phenomena  of  the  varioue  MetaU 
volcLtilised  in  the  Bunsen  Burner  and  the  Oxy-coaUgoi  Blowpipe 
Flame  as  compared  with  the  Phenomena  seen  at  higher  Tempera^ 
tures. 

The  main  conolasions  are  that  certain  lines,  bands,  and  flntiiigs  are 
seen  in  the  bunsen  bnrner,  that  a  larger  n amber  is  seen  in  the  Aame, 
and  that  the  total  number  seen  in  the  burner  and  flame  is  smalL 

The  order  of  visibility  in  the  bunsen  is,  roughly — 


Na 
Li 
Tl 
^Sr 
lBa 
Ca 
K 
Mn 
Bi 
Ca 
Sr 
Ba 
Mg 
•  tMn 


Lines 


Bands .... 
Flutings  . . 


All  the  observations  both  of  bunsen  and  oxyhydrogen  flame  may 
be  condensed  as  follows : — 


In  metals  of  the  alkalies    Na 

K 
Li 

„  „       alkaline  earths Ga 

Sr 
Ba 

In  magnesian  metals Mg 

Zn 
Cd 

In  iron  melals Fe 

Ni 
Go 
Mn 
Cr 

In  metals  which  yield  acids Bi 

Ti 
W 

In  copper  metals    •     Cu 

Tl 

In  nohlo  metals Ag 

Hg 

In  earthy  metals Ce 

The  following  table  shows  the  positions  of  the  principal  lines,  bands, 
and  flutings  seen  in  the  spectrum  of  each  of  the  metals  ezamiined, 
arranged  roughly  in  the  order  of  their  intensities. 

It  should  here  be  stated  that  as  some  of  the  rescarchea  hai've  W^  \o 

TOL.  JLIIL  |i 


120 


Mr.  J.  N.  Lockyer. 


[Nov.  17, 


deal  witli  feeble  iUamination  small  dispersion  has  been  of  neeeflsitj 
employed,  and  to  make  the  observations  along  the  several  lines  ooln- 
parable  a  one-prism  spectroscope  has  been  so  &r  nsed  thronglioiii. 
Hence  the  wave-lengths  given  are  in  all  cases  only  approzixiiate. 
With  this  proviso  the  lines  observed  have  been  as  follows : — 

fin  bunsen — 

Mg       6183,    5172,    6167,    4686,    6201. 

Na        6889,    6896. 

Li         6705. 

Tl         6349. 

Sr         4607. 

Ba        6634. 

Ca        4226. 

Mn       6396. 

K  6950. 

Bi         4722. 


lines 


/  Seen  on  pasting  from  the  temperature  of  the  bunsen  to 
that  of  the  ozj-coal-gas  flame— 


V 


Fe 

Cu 

Cr 

Zn 

Cd 

Ni 

Ti 

W 

^« 

Ce 


6268,  5327,  6371,  4888,  6790,  6024. 

5106,  5781,  5700. 

6203,  6207,  6410. 

4011. 


6202, 
4810, 
6086. 
6476. 
5128, 
5490, 
6208, 
6460. 
6273, 


5338. 
6611. 
6464. 

5160. 


Bands  . . .  •  / 


/In  bunsen — 

Ca    5535,  6250,  6500,  6000. 

Sr    6050. 

Ba        5150,    5250,    5330,    4860. 


Seen  on  passing  from  the  temperature  of  the  bunsen  to 
that  of  the  oxy-coal-gas  flame— 
Co         4710,    4920,    5170,    5460. 


^In  bunsen — 

Mg        5000. 

Mn        5580,    5860,    6145,    5340. 


Flutings ..  { 


Seen  on  passing  from  the  temperature  of  the  bunsen  to 
that  of  the  oxj-coal-gas  flame — 
Ba        6010,     6350,    6480. 
Cr         5360,    5570,     5800,    6040. 
Fe         6150. 
Cu        6050,    6130. 
Zn        5460,    5680,    4985,    5140,    6340. 


All  the  flntings,  with  the  exception  of  magnesinm,  have  their 
maxima  towards  the  blue,  and  shade  off  towards  the  red  end  of  the 
spectrum. 
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C.  Experiments  upon  Mg  at  low  Temperatures. 

I  have  again  gone  over  the  experiments  already  oommnnioated  to 
the  Royal  Society  (*  Roy.  Soc.  Proc.,'  vol.  30,  p.  27),  and  in  addition 
have  ohserved  the  spectram  of  the  metal  hnmiog  in  the  centre  of  a 
large  hansen  hamer,  in  which  case  we  get  the  line  at  5201,  and  the 
Anting  in  the  position  of  b  without  the  fluting  at  500.  In  the  hnnsen 
as  ordinarily  employed  the  fluting  at  500  far  eclipses  the  other  parts 
of  the  spectrum  in  hrilliancy,  and  at  this  temperature,  as  already 
observed  by  Messrs.  Liveing  and  Dewar  (*  Roy.  Soc.  Proc.,'  voL  32, 
p.  202),  the  ultra-violet  line  visible  is  that  at  373.  Lecoq  de  Bois- 
baudran  has  observed  the  lines  in  the  chloride  at  4705  and  4483 
(*  Spectres  Lumineux,'  p.  85). 

D.  Experiments  upon  the  Glow  of  Na  and  Mg  in  Vacuum  Tubes. 

A  small  piece  of  sodium,  free  from  hydrocarbon,  was  placed  in  the 
lower  limb  of  an  end-on  spectrum  tube,  and  arrangements  made  for 
observing  the  spectrum  of  the  gas  evolved  when  the  sodium  was 
heated.  Having  first  obtained  as  perfect  a  vacuum  as  possible,  the 
sodium  was  gently  heated,  aod  the  spectrum  of  the  gas  then  gave 
nothing  but  the  C  and  F  lines  of  hydrogen.  The  pump  being  stopped 
and  the  sodium  heated,  a  point  was  reached  when  C  and  F  became 
very  dim  and  were  replaced  by  the  structural  spectrum  of  hydrogen. 

In  another  experiment  the  sodium  was  replaced  by  a  piece  of 
magnesium  along  the  end-on  tube.  The  same  process  being  gone 
through,  similar  phenomena  were  observed,  but  in  the  latter  case 
there  was  a  line  at  500,  in  addition  to  the  lines  seen  in  the  case  of 
sodium. 

The  important  point,  then,  is  the  existence  of  a  line  at  500  in  the 
spectrum  when  magnesium  is  heated,  and  the  absence  of  such  a  line 
in  the  gas  evolved  by  sodium  under  the  conditions  stated. 

E.  Experiments  upon  the  Conditions  under  which  the  G  and  F  Lines  of 

Hydrogen  disappear  from  the  Spectrum. 

The  association  of  the  bright  lines  of  hydrogen  with  nebulro, 
many  of  the  stars  with  bright  lines,  and  the  so-called  new  stars,  points 
out  at  once  that  it  is  important  to  consider  the  various  changes  which 
hydrogen  can  undergo  under  various  conditions  of  temperature  and 
pressure.  I  pointed  out  many  years  ago  that,  when  under  certain  con- 
ditions the  spectrum  of  hydrogen  is  examined  at  the  lowest  possible 
temperature,  the  F  line  retains  its  brilliancy  long  after  C  disappears  ; 
and  the  fact  that,  after  the  chief  lines  of  hydrogen  have  been  made 
to  disappear  from  the  spectral  tube,  the  spectrum  which  remains 
visible,  and  is  sometimes  very  brightly  visible,  is  also  due  to  hydrogen, 
hna  always  been  a  matter  of  thorough  belief  in  my  mind,  although  so 
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many  obsexrers,  down  even  to  M.  Comn  not  so  very  long  ago,  have 
been  inclined  to  attribate  it  to  the  existence  of  '*  imparities." 

I  b^Tftn  to  map  tlie  so-called  structural  specti*am  at  the  College  of 
ChemiHtry  in  1869,  bat  other  matters  sapervened  which  prevented 
the  accomplishment  of  this  work.  This,  however,  is  a  matter  of 
small  importance,  because  quite  recently  Dr.  Hasselberg  has  com- 
municated to  the  St.  Petersburg  Academy  an  admirable  memoir  on 
the  subject,  accompanied  by  a  map  ('  M^moires  de  I'Acad^mie  Imp6- 
riale,'  Series  vii,  vol.  30,  No.  7,  Hasselberg).  The  brightest  portions 
of  the  structure-spectrum  are  shown  in  Map  2. 

The  most  convenient  way  of  obtaining  a  supply  of  hydrogen  for 
investigations  of  this  kind  is  to  use  a  little  sodium  which  has  never 
been  in  contact  with  hydrocarbon,  or  a  piece  of  magnesium  wire ; '  to 
place  them  in  the  low  end  of  a  glass  tube,  one  part  of  which  can  be 
used  as  an  end-on  tube,  and  then,  after  getting  a  vacuum  so  perfect 
that  the  spark  will  not  pass,  to  slightly  heat  the  metal.  After  a  time 
the  spectrum  of  hydrogen,  sometimes  accompanied  by  the  low-tem- 
perature flutings  of  carbon,  begins  to  be  visible  alike  from  the  sodium 
and  the  magnesium. 

If  the  vacuum  has  been  very  perfect  to  start  with,  at  first  the 
bright  lines  C  and  F  will  be  visible  without  any  trace  of  structure, 
and  the  hydrogen  will  be  of  a  magnificent  red  colour.  If  now  the 
action  of  the  pump  be  stopped,  and  the  sodium  be  still  more  heated, 
a  point  will  be  reached  at  which  the  conductibility  of  the  g^  is  at  its 
mazimnm,  and  then,  the  jar  not  being  in  circuit,  the  structure- 
spectrum  of  the  gas  will  be  seen  absolutely  alone,  without  any  trace 
ol  either  C  or  F.  The  gradual  disappearance  of  the  F  line  is  very 
striking,  and  when  the  bright  line  is  out  of  the  field  the  lines  due  to 
the  structure  seem  to  be  enhanced  in  brilliancy. 

The  brightest  part  of  the  spectrum  is  then  that  near  D ;  in  the  blue- 
green  we  have  a  line  at  464  more  refrangible  than  F,  and  then  a 
double  line  at  4930  and  4935;  other  less  refrangible  lines  are 
seen.  These  are  phenomena  seen  associated  with  sodium,  but  if  we 
use  the  hydrogen  produced  from  a  piece  of  magnesium  wire  or  from 
a  crystal  of  olivine,  under  the  same  circumstances  we  find  that  so  far 
as  the  lines  of  hydrogen  go  the  phenomenon  remains  the  same,  but 
that  there  is  then  visible  in  the  spectrum  a  line  at  500,  which  has 
been  recorded  in  the  spectrum  of  magnesium  under  other  conditions, 
not  only  by  myself  but  by  Dr.  Copeland.* 

•  «<  To  thii  table  must  be  added  500'6  mmm.  as  the  wave-length  of  the  first  line  in 
the  great  band  of  magnesium  as  determined  by  M.  Lecoq  de  Boisbaudran  from  the 
spark  ■pectmm  of  the  chloride  of  that  metal,  which  evidently  agrees  with  the  flame 
speetnuD,  in  this  region  at  least.  It  is  worthy  of  note  that  this  line  almost  abso- 
lutely eoincides  with  the  brightest  line  in  the  spectra  of  planetary  nebuhe.'* 
{Ih.  Oopdend, '  Copernicus/  vol.  2,  p.  109.) 
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F.  Experiments  upon  the  Spectra  of  Meteorites  cU  low  Temperatures, 

All  the  later  observations  recorded  have  been  made  on  nudouUed 
meteorites,  fragments  of  which  have  been  in  the  kindest  Tnawwr 
placed  at  my  disposal. 

I.  In  the  Oxyhydrogen  Flame, 

The  observations  gave  in  all  only  abont  ten  or  a  dozen  lines  belong- 
ing to  the  metals  magnesium,  iron,  sodium,  lithium,  and  potaannnii 
and  two  flutings,  one  of  manganese,  and  one  of  iron. 

n.  With  a  Qimntity  Ooil  without  Jar. 

The  observations  gave  in  all  about  twenty  lines  belonging  to  the 
metals  magnesium,  sodium,  iron,  strontium,  barium,  caloiiim,  ohro* 
mium,  zinc,  bismuth,  and  nickel,  and  four  lines  of  unknown  origin. 

m.  Whe7i  heated  in  a  Vacuum  Tube  when  a  Current  is  passimg 

along  it. 

A  small  piece  of  iron  meteorite  was  enclosed  in  the  middle  of  s 
horizontal  tube,  so  that  the  spark  might  be  made  to  pass  through  the 
tube  and  over  the  meteorite.  After  complete  exhaustion  has  been  ob- 
tained, the  first  spectrum  obtained  when  the  tube,  end  on,  is  placed  in 
front  of  the  spectroscope,  is  a  spectrum  of  hydrogen.  The  carbon 
flutings  are  only  visible  occasionally.  If  the  meteorite  then  be  very 
gently  warmed  by  placing  a  bunsen  burner  at  some  distance  below 
the  tube,  the  glow  over  the  meteorite  is  seen  to  change  its  colour,  and 
the  line  at  500  is  constantly,  and  another  line  at  495,  apparently 
exactly  in  the  position  of  the  second  line  of  the  spectrum  of  the 
nebulflB,  is  occasionally,  seen.  This  line  is  less  refrangible  than  the 
structure  line  of  hydrogen  in  this  region,  which  occupies  the  same 
position  as  the  barium  line.  This,  however,  if  the  heating  is  con- 
tinued, especially  in  the  case  of  stony  meteorites,  is  soon  succeeded 
by  a  much  more  brilliant  green  glow,  in  which  magnesium  h  and 
many  other  lines  appear,  now  accompanied  by  the  carbon  flutings. 
The  observations  made  under  all  the  above  conditions  are  shown  in 
Maps  2  and  2a. 

In  these  observations  if  a  line  in  the  meteoric  spectrum  were 
coincident  with  a  metallic  line,  with  the  dispersion  employed,  in  the 
absence  of  the  brightest  line  of  that  metal,  the  line  was  regarded  as 
originating  from  some  other  substance.  Thus  a  line  was  sometimee 
seen  at  5480,  apparently  coincident,  with  the  dispersion  employed, 
with  the  green  lines  of  Sr  and  Ni ;  sometimes  the  brightest  line  of 
Sr  at  4607  was  absent,  and  it  was  then  fair  to  assume  that  the 
presence  of  5480  was  due  to  Ni,  but  in  the  presence  of  4607  it  might 
be  due  to  Sr. 
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Ocmpatitofu  of  the  foregoing  Observations  among  tJieniselves,  and  with 
those  made  on  various  Orders  of  Celestial  Bodies. 

The  diBcauions  have  taken,  in  the  first  instance,  the  form  of  ooni- 
pariflonB  of  the  different  phenomena  observed,  and  for  this  purpose 
all  xeoorded  observations  of  flatings  and  bright  lines  and  dark  lines 
in  stKn,  comets,  nebnlflB,  &c,,  have  been  carefully  mapped  in  addition, 
all  xeoorda  having,  when  necessary,  been  brought  to  a  common  scale. 
Haying  these  maps,  I  conld  then  compare  the  totality  of  celestial 
obaerrationg  with  the  laboratory  work  to  which  reference  has  already 
boeii  made. 

The  following  are  among  the  comparisons  already  dealt  with  : — 

I.  The  spectra  of  meteorites  observed  under  the  various  conditions, 
chiefly  considering  magnesium,  iron,  and  manganese,  with  the 
bright  lines  observed  at  low  temperatures. 

The  main  conclusions  are : — 

(1.)  That  only  the  lowest  temperature  lines  of  Mg,  Na,  Fe,  Cr,  Mn, 
Sr,  Ca,  B%  K,  Zn,  Bi,  and  Ni  &re  seen  in  the  meteorites  under  the 
variona  conditions.  They  are  not  all  seen  in  one  meteorite  or  under 
one  peziicnlar  condition;  the  details  of  individual  observations  are 
fully  recorded  in  Maps  2  and  2a. 

(2.)  That  in  the  case  of  Mg  the  Hue  most  frequently  seen  is  the 
renmuit  of  the  fluting  at  500,  while  in  a  photograph  the  main  ultra- 
violet line  recorded  is  the  one  at  373,  previously  recorded  under  these 
conditionB  by  Messrs.  Liveing  and  Dewar.  In  the  quantity  spark 
other  lines  are  seen,  notably  5^,  63,  6^,  and  5201.  The  line  at  500  was 
conaiderably  brightened  when  the  number  of  cells  was  reduced,  thus 
showing  it  to  be  due  to  some  molecule  which  can  exist  best  at  a  low 
touipentnre. 

(3.)  That  in  the  case  of  Mn  the  only  line  visible  at  the  temperature 
of  the  Bnnsen  burner,  5395,  is  the  only  line  seen  in  the  meteorites. 

(4.)  That  the  lines  of  iron  seen  in  the  meteorites  are  those  which 
are  brightest  when  wire  gauze  is  burned  in  the  flame.  The  chief  of 
these  are  5268,  4383,  5790,  and  6024 ;  it  is  possible,  however,  that 
the  two  latter  are  due  to  some  substance,  not  iron,  common  to  the 
ganae  and  the  meteorites. 

H*  The  spectra  of  meteorites  generally,  with  the  bright  lines  and 
flntings  seen  in  luminous  meteors,  comets,  and  some  '*  stars." 

ft.  Luminous  Meteors. 

With  regard  to  the  records  of  luminous  meteors,  it  may  be  remarked 
that  the  observations,  so  far  as  they  have  g^ne,  have  given  decided 
indications  of  magnesium,  sodium,  lithium,  potassium,  and  of  the 
carbon  flutings  seen  in  comets.      The  following  quoiai\oi3A  IroTa 
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Konkolj  and  Professor  Herschel  are  among  the  autboritieB  which 
may  be  cited  for  the  above  statement. 

**0n  August  12,  18,  and  14  I  observed  a  number  of  meteors 
with  the  spectroscope ;  amongst  others,  on  the  12thy  a  yellow  fireball 
with  a  fine  train,  which  came  directly  from  the  Perseid  radiant.  In 
the  head  of  this  meteor  the  lines  of  lithium  were  clearly  seen  by  the 
side  of  the  sodium  line.  On  August  13,  at  lOh.  46m.  10s.,  I  observed 
in  the  north-east  a  magnificent  fireball  of  emerald-green  colour,  as 
bright  as  Jupiter,  with  a  very  slow  motion.  The  nucleus  at  the  first 
moment  only  showed  a  very  bright  continuous  spectrum  with  the 
sodium  line ;  but  a  second  after  I  perceived  the  magnesium  line,  and 
I  think  I  am  not  mistaken  in  saying  those  of  copper  also.  Besides 
that,  the  spectrum  showed  two  very  faint  red  lines."* 

*'  A  few  of  the  green  '  Leonid '  streaks  were  noticed  in  November 
(1866)  to  be,  to  all  appearances,  monochromatic,  or  quite  nndispersed 
by  vision  through  the  refracting  prisms ;  from  which  we  may  at  least 
very  probably  infer  (by  later  discoveries  with  the  meteor-spectroscope) 
that  the  prominent  green  line  of  magnesium  forms  the  principal  con- 
stituent element  of  their  greenish 'light.'*t 

Again,  later  on  in  the  same  letter.  Professor  Herschel  mentions 
Konkoly's  observations  of  the  bright  h  line  of  magnesium,  in  addition 
to  the  yellow  sodium  line  in  a  meteor  on  July  26,  1873. 

I  again  quote  from  Professor  Herschel : — 

'*  On  the  morning  of  October  13  in  the  same  year,  Herr  von  Konkoly 
again  observed  with  Browning's  meteor-spectroscope  the  long-enduring 
streak  of  a  large  fireball,  which  was  visible  to  the  north-east  of 
O'Gyalla.  It  exhibited  the  yellow  sodium  line  and  the  green  line  of 
magnesium  very  finely,  besides  other  spectral  lines  in  the  red  and 
green.  Examining  these  latter  lines  closely  with  a  star-spectroscope 
attached  to  an  equatorial  telescope,  Herr  von  Konkoly  succeeded  in 
identifying  them  by  direct  comparison  with  the  lines  in  an  electric 
G^issler-tube  of  marsh-gas.  They  were  visible  in  the  star-spectro- 
scope for  eleven  minutes,  after  which  the  sodium  and  magnesium 
lines  still  continued  to  be  very  brightly  observable  through  the  meteor- 
«pectroscope.'*J 

The  green  line  '*  h  '*  of  magnesium  occurring  as  a  bright  line  in 
luminous  meteors  indicates  that  their  temperature  when  passing 
through  our  atmosphere  is  higher  than  that  of  the  bunsen,  and  we 
may  add  of  comets  as  generally  observed,  although  some  exhibit  the 
b  lines  of  magnesium  and  those  of  iron  when  at  perihelion,  as  shown 
later  on. 

The  two  lines  which  Konkoly  supposes  are  probably  due  to  copper 

•  Konkoly,  *  Obrorratory,*  toI.  8,  p.  157. 

t  Herschel,  letter  to  *  Nature,'  vol.  24,  p.  507. 
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'will,  I  expeci,  be  fonnd  to  be  iron  lines  when  other  observations  are 
made  of  the  spectra  of  meteors. 

The  main  conclusions  from  this  comparison  are  then :  (1)  that  the 
temperatnre  of  luminous  meteors  is  higher  than  that  of  the  Bunsen 
flame ;  (2)  that  the  meteorites  which  produce  the  phenomena  we  are 
now  discussing  are  hotter  than  those  in  the  experimental  glow  taken 
generally ;  and  (3)  that  in  both  cases  flutings  of  carbon  may  be  seen. 

j8.  Comets, 

When  the  meteorites  are  strongly  heated  in  a  glow-tube,  the  whole 
tube  when  the  electric  current  is  passing  gives  us  the  spectrum  of 
carbon. 

When  a  meteor-swarm  approaches  the  sun,  the  whole  region  of 
space  occupied  by  the  meteorites,  estimated  by  Professor  Newton  in 
the  case  of  Biela's  comet  to  have  been  thirty  miles  apart,  gives  us  the 
same  spectrum,  and  further  it  is  given  by  at  all  events  part  of  the  tail, 
which  in  the  comet  of  1680  was  calculated  to  be  60,000,000  miles  in 
length.  The  illumination  therefore  must  be  electrical,  and  possibly 
connected  with  the  electric  repulsion  of  the  vapours  away  from  the 
sun  ;  hence  it  is  not  dependent  wholly  upon  collisions. 

Passing  now  from  the  flutings  seen  in  cometary  spectra,  it  is  found 
that  most  of  the  lines  which  have  been  observed  at  perihelion  are 
coincident  with  lines  seen  in  experiments  with  meteorites,  while  the 
low  temperature  lines  of  Mg  are  absent.  In  the  g^reat  comet  of  1882, 
to  which  particular  attention  has  been  given  on  account  of  the  com- 
plete record  of  its  spectrum  by  Copeland,*  the  lines  recorded  were 
the  D  lines  of  sodium,  the  low  temperature  iron  lines  at  5268,  5327, 
5371,  5790,  and  6024,  the  line  seen  in  the  manganese  spectrum  at 
the  temperature  of  the  bunsen  burner  at  5395,  and  a  Une  near  h 
which  might  be  due  to  magnesium,  or  to  a  remnant  of  the  carbon 
fluting.  In  addition  to  these  there  was  a  line  at  5475,  probably  due 
to  nickel,  the  absence  of  the  blue  strontium  line  indicating  that  it  is 
not  likely  to  be  the  green  line  of  strontium.  There  were  also  four 
other  lines  less  refrangible  than  D,  the  origin  of  which  has  not  yet 
been  determined.  As  the  comet  got  further  from  perihelion  the  lines 
gradually  died  out,  those  which  remained  longest  being  the  iron  line 
at  5268  and  the  line  near  h.  The  absence  of  D  before  the  disappear- 
ance of  all  the  lines  is  probably  to  be  accounted  for  partly  by  the 
greater  brightness  of  the  continuous  spectrum  in  that  region. 

In  the  comets  of  1866-67,  when  seen  away  from  the  sun,  the  only 
line  seen  was  the  one  at  500.t 

•  *  CopemicuB/  toI.  2,  p.  234. 

t  "  In  January,  1866, 1  communicated  to  the  Kojal  Society  the  result  of  an  exami- 
tiation  of  a  tmall  comet  yisible  in  the  beginning  of  that  year  (*  Boj.  Soo.  Proc.,' 
ToL  15,  p.  6).    I  examined  the  spectrum  of  another  smaU  and  iaint  comfttml&v)^ 
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It  is  fair  to  myself  to  say  that  I  was  not  aware  of  these  observa- 
tions when  I  began  to  write  this  paper.  The  fact  of  the  line  at  500 
remaining  alone  in  Nova  Cygni  made  it  clear  that  if  my  views  were 
correct,  the  same  thing  should  happen  with  comets.  It  now  turns 
oat  that  the  crucial  observation  which  I  intended  to  make  was  made 
twenty  years  ago. 

In  Comets  b,  1881,  and  c,  1882,  the  only  lines  recorded  were  mag- 
nesium h ;  but,  as  before,  the  apparent  absence  of  other  lines  might 
be  due  to  continuous  spectrum. 

Of  the  five  bands  shown  in  Huggins's  photograph  of  the  speotram 
of  Comet  Wells,  taken  with  a  wide  slit,  no  less  than  three  agree  ^irly 
in  position  with  three  lines  seen  in  the  spectra  of  meteorites.  The 
wave-lengths  of  these  are  4253,  4412,  and  4769,  and  it  is  interesting 
to  note  that,  so  far,  the  origin  of  these  lines  is  undetermined.  The 
two  remaining  bands  are  at  wave-lengths  4507  and  4634. 

It  is  seen,  then,  that  the  spectra  of  comets — when  their  internal 
motions  are  relatively  either  slow  or  fast,  and  when  therefore  the 
number  of  collisions,  and  with  it  the  heat  of  the  stones  in  collision^ 
will  vary  extremely — resemble  the  spectra  of  meteorites  seen  in  glow 
tubes. 

7.  "  Stars  "  with  Flutings  which  have  been  observed  in  the  LabarcUcrff 

and  in  Luminous  Meteors  and  Comets. 

The  most  prominent  bright  flutings  of  carbon  are  not  only 
observed  in  luminous  meteors  and  comets,  but  in  stars  of  Class  Ilia, 
and  in  some  **  Novas,"  notably  Nova  Orionis.  So  far,  then,  these 
bodies  may  in  a  certain  measure  be  classed  with  luminous  meteors 
and  comets.  But  there  is  an  important  difference  in  the  phenomena, 
for  we  have  absorption  as  well  as  radiation.  The  discussion  shows 
that  the  dark  (or  absorbing)  flutings  in  these  bodies  are  partly  due 
to  the  absorption  of  light  by  the  most  prominent  flutings  of  Mn  and 
Zn,  seen  at  low  temperatures.     This  inquiry  is  being  continued. 

We  have,  then,  in  these  bodies  a  spectrum  integrating  the  radiation 
of  carbon  and  the  absorption  of  Mn  and  Zn  vapour. 

The  law  of  parsimony  compels  us  to  ascribe  the  bright  fluting  of 
carbon  in  these  stars  to  the  same  cause  as  that  at  work  in  comets, 
where  we  know  it  is  produced  by  the  vapours  between  the  individual 
meteorites  or  repelled  from  them. 

Hence  we  are  led  to  conclude  that  the  absorption  phenomena  are 

1867.  The  spectra  of  these  objects,  as  far  as  their  feeble  light  permitted  them  to 
be  observed,  appeared  to  be  very  simihir.  In  the  case  of  each  of  these  comets  the 
spectrum  of  the  minute  nucleus  appeared  to  consist  of  a  bright  line  between  h  and 
F,  about  the  position  of  the  double  line  of  the  spectrum  of  nitrogen,  while  the  nebu- 
losity surrounding  the  nucleus  and  forming  the  coma  gave  a  spectrum  which 
Mppmrvntlj  continuous  *'  (Huggins,  'B07.  Soc.  Froc.,*  vol.  16,  p.  387). 


1887.]  Hesearch&s  on  tlie  Spectra  of  Meteorites.  131 

produced  bj  the  incandescent  vapour  surrounding  the  indiyidual 
jneteoriies  which  have  been  rendered  intensely  hot  by  collisions. 

These  stars,  therefore,  are  not  masses  of  vapour  like  our  sun,  but 
clouds  of  incandescent  stones. 

We  have  here  probably  the  first  stage  of  meteoritic  condensation. 

The  Cases  of  Nova  Orionis  and  B,  Oeminorum, 

The  stars  with  bright  carbon  Eatings,  the  same  as  those  seen  in 
comets,  are  not  limited  to  first-magnitude  stars,  such  as  a  Orionis, 
but  include  at  least  one  new  star.  Nova  Orionis.     Because  the  latter 
tftar  lasted  but  a  short  time  we  might  expect  the  phenomena  pre- 
sented to  be  difPerent  from  those  found  in  the  first-magnitude  star, 
which  is  a  variable,   like    others   with   similar  composite  spectra. 
Practically  there  is  a  little  difference,  for  in  »  Orionis, «  Herculis, 
snd  others  of  that  type,  we  find  well-marked  dark  absorption  flutings 
of  manganese,  as  well  as  line-absorption  of  sodium  and  magnesium. 
The  manganese  absorptions  agree  with  some  of  the  Mn  flutings  seen 
in  the  Bessemer  flame  by  Marshall  Watts  ('  Phil.  Mag.,'  February, 
1873).     The  absorptions  are  not  so  well  developed  in  the  Nova,  for 
the  reason,  perhaps,  that  condensation  due  to  gravity  had  not  taken 
place  to  such  a  great  extent,  so  that  the  heat  of  the  stones  them- 
selves was  not  so  great,  and  further  because  the   local  absorption 
around  each  meteorite  would  be  cloaked  by  the  bright  radiation  of 
the  interspaces,  which  gives,  as  in  comets,  the  maximum  intensity  to 
the  bright  fluting,  wave-length  517.     In  R.  Geminorum  the  demon* 
stration  of  the  same  meteoric  constitution,  but  without  the  strong 
absorption,  is  given  by  the  fact  that  in  that  star  so  much  of  the  light 
proceeds  from  the  vapour  produced  by  the  meteorites,  and  from  the 
carbon  in  the  interspaces,  that  the  carbon  flutings  and  the  bright 
hues   of  barium  and   strontium,  and   other   substances  present  in 
meteorites,  are  visible  at  the  same  time,  exactly  as  they  are  seen  in 
the  glow  over  a  meteorite  in  an  experimental  tube,  in  which,  as  the 
pressure  is  reduced,  the  edges  alone  of  the  carbon  flutings  are  visible, 
and  put  on  the  appearance  of  bright  lines,  almost  exactly  resembling 
the  bright  lines  of  the  heated  meteorites. 

The  spectra  of  these  two  stars  I  give  on  a  map  (Map  3)  side  by  side 
with  the  bright  flutings  of  carbon  and  the  bright  flatings  of  man- 
ganese with  a  view  of  showing  that,  both  in  the  temporary  Nova 
and  the  first  magnitude  star  in  the  same  constellation,  many  of  the 
phenomena  are  the  same  and  are  therefore  probably  produced  by  the 
same  cause.  Some  time  after  Dr.  Copelaud's  original  observations  of 
this  star  were  published,  it  was  pointed  out  by  Dun^r,  Yogel,  and 
others,  that  some  of  the  bright  parts  of  the  spectrum  observed  by  him 
were  really  coincident  with  the  bright  parts  of  the  spectrum  of 
c  Orionis ;  this,  of  course,  is  beyond  question.    But  in  additvon  \a 
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these  bright  spaces  Dr.  Copeland  gives  some  bright  regions  which,  1 
think,  have  not  been  tonched  by  the  arguments  of  Vogel  and  Daner 
above  referred  to.  It  will  be  observed  that  in  the  case  of  R.  Gemi- 
nonun,  given  on  the  same  map  as  Nova  and  a  Ononis,  the  bright  lines 
coneapond  almost  exactly  with  the  bright  spaces  shown  in  the  above- 
named  stars  and  certain  lines  seen  in  meteorites — that  is  to  say,  a 
meteorite  glow,  when  the  carbon  spectrum  is  bright,  gives  us  all  the 
lines  leoorded  in  the  spectrum  of  the  star,  showing  tliat  some  of  the 
lines  correspond  with  the  brightest  flatings  of  carbon. 

There  can  be  no  question,  I  think,  that  in  R  Gcminorum  we  have 
another  stage,  doubtless  a  prior  stage,  of  the  life-history  not  only  of 
the  Nova,  but  of  «  Ononis  itself. 

IIL  The  spectra  of  meteorites  glowing  in  tubes  with  the  bright 
lines  observed  in  celestial  bodies — 

(«)  Comparison  with  the  lines  seen  in  ncbulte  when  C  and 
F  (bright)  are  either  present  or  absent. 

(Jl)  Comparison    with    bright    lines   (not    associated   with 
fintings)  seen  in  stars. 


«.  ''Nehulcnr 

Only  seven  lines  in  all  have  been  recoi-dcd  up  to  the  present  in  the 
spectra  of  nebule,  three  of  which  coincide  with  lines  in  the  spectrum 
of  hydrogen  and  three  correspond  to  lines  in  magnesium.  The 
maf^esinm  lines  represented  are  the  ultra-violet  low-temperature  line 
at  378,  the  line  at  470,  and  the  remnant  of  the  magnesium  fluting  at 
500,  the  brightest  pai't  of  the  spectrum  at  the  temperatui'o  of  the 
bansen  bnmer.  The  hydrogen  lines  are  h,  F,  and  H7  (434).  Some- 
times the  500  line  is  seen  alone,  but  it  is  generally  associated  with  F 
and  a  line  at  495.  The  remaining  lines  do  not  all  appear  in  one 
nehola,  bnt  are  associated  one  by  one  with  the  other  three  lines.  The 
h'nes  at  500  and  495  and  F  have  been  seen  in  the  glow  of  the 
Dhnnnsala  meteorite  when  heated,  but  tlie  origin  oi  495  lius  not  yet 
been  determined. 

The  xesalt  of  this  comparison  then  is  that  the  nebula  spectrum  is 
as  closely  associated  with  a  meteorite  glowing  very  gently  in  a  very 
tennons  atmosphere  given  off  by  itself  as  is  the  spectrum  of  a  comet 
near  the  sun  with  a  meteorite  glowing  in  a  denser  one  also  given  off 
bj  itself  when  more  highly  heated. 

Further,  it  has  been  seen  thut  the  nebula  specti*um  was  exactly 
reprodnced  in  the  comets  of  1866  and  1867,  when  away  from  tho  sun. 
Aa  the  collision  of  meteorites  is  accepted  for  the  explanation  of  the 
phenomena  in  one  case,  it  must,  faute  de  viicnx^  be  accepted  for  the 
other.     The  well-known  constituents  of  meteorites,  especially  olivine. 
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fallj  azplain  all  the  speotrosoopio  phenomena  presented  b;^  laminons 
moteon,  oometa,  and  nebole. 

I  pabliahed  many  yeora  ago  an  experiment  in  which  I  had  foand 
that  the  gases  evolved  from  meteorites  nader  some  conditions  gave  ns 
the  ■peotmm  of  hydrogen  and  nnder  others  the  spectram  of  carbon  ; 
hat  in  the  globes  I  then  nned  I  was  not  enabled  to  atndy  the  speotrnm 
of  tlie  glow  itaelf . 

I  alionld  add  that  the  line  at  495  makes  its  appearance  mnch  more 
maiy  than  the  one  at  500,  in  meteorite  glows. 

liip  5  ahows  the  poaitiona  of  three  of  the  nebula  lines  as  compared 
witt  irdl*known  lines. 
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fi.  "  Stan  "  vnfh  bright  Lines. 

On  reference  to  the  map  which  I  exhibit  to  the  Society,  thongh 
thtj  md  the  discussion  of  them  are  yet  incomplete,  it  will  be  seen 
tbst  As  principal  lines  which  are  seen  bright  in  star  spectra  are,  if 
W0  make  dne  allowance  for  the  diacrepanciea  likely  to  occar  in  obser- 
vatimiB  attended  with  great  difficulties,  lines  which  either  have  been 
olMTved  in  the  vapours  and  gases  given  off  by  meteorites  in  vacuum- 
tubes,  or  which  we  might  expect  to  see  in  a  combined  series  of 
ohtM  rations  on  meteorites  having  different  chemical  constitnente. 
Among  them  lines  are  H«,  H^,  Hv,  Ha,  464,  540,  570,  580,  587 1  in 
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one  case  (Ist  Cjgnus)  there  are  lines  at  5065  and  5268,  the  latter  due 
to  iron.  The  difficnlties  attending  this  part  of  the  inquiry  are 
referred  to  subsequently,  and  it  must  be  understood  that  in  the 
absence  of  a  detailed  discussion,  especially  of  the  spectra  of  the 
"  Novas,"  which  I  have  not  yet  completed,  the  opinions  I  express  in 
the  next  part  of  this  preliminary  notice  with  regard  to  bright-line 
stars  must  be  regarded  rather  as  suggestions  than  as  final  conclusions. 

Discussion  of  the  Maps  showing  the  bright  Lines  visible  in  Stars  and 

Nebulce. 

It  results  from  the  discussion  of  the  bright  lines  seen,  whether 
associated  with  the  bright  lines  C  and  F  of  hydrogen  or  not,  that, 
y^hile  on  the  one  hand  we  have  a  class  of  bodies — ^the  nebolas— which 
give  us  the  lines  visible  at  the  lowest  temperature  of  chemical 
elements  known  to  exist  in  meteorites,  we  have  in  the  other  class — the 
''stars"  with  bright  lines — those  lines  visible  at  somewhat  higher 
temperatures  in  meteorites.  In  the  stars  with  bright  lines  the  two 
most  important  lines,  which  have  been  separately  mapped  by  Yogel,* 
occur  at  540  and  582.  The  mean  readings  of  all  the  observations 
give  the  positions  of  these  lines  as  54iO  and  580.  In  an  experiment 
on  the  glow  of  a  meteorite  rich  in  manganese,  the  line  of  Mn  at  5895, 
easily  seen  at  the  temperature  of  the  bunsen,  is  distinctly  seen 
in  addition  to  the  structure-spectrum  of  hydrogen.  There  is 
reasonable  ground  therefore  for  supposing  that  the  line,  this  only  one 
of  the  irOn-group  of  metals  visible  at  the  temperature  of  the  bunsen, 
i^ay  be  the  origin  of  one  of  the  two  lines  seen  alone  in  the  spectrum 
of  these  "  stars."  It  will  be  seen  that  in  the  map  it  has  been  easy  to 
arrange  all  the  bright  lines  hitherto  seen  in  stars  into  one  order,  in 
^hich  we  begin  with  this  line  of  manganese,  and  a  line  of  iron  seen  at 
^e  temperature  of  the  oxy-coal-gas  flame,  the  wave-length  of  which 
h  579.  As  other  lines  indicating  other  substances  are  added  to  these 
fundamental  ones,  we  pass  from  those  stars  in  which  C  and  F  are  not 
visible  to  those  in  which  they  make  their  appearance.  Here,  however, 
it  is  necessary  to  move  with  caution,  because  it  may  be  that  we  are 
in  presence  of  some  of  the  lines  visible  in  the  structure-spectrum  of 
hydrogen.  The  chief  lines  of  hydrogen,  as  seen  in  the  end-on  tube 
when  the  conditions  are  such  that  C  and  F  are  not  visible,  have 
been  already  stated.  Some  of  the  lines  observed  in  these  stars,  even 
the  one  at  540,  have  been  found  to  be  very  nearly  coincident  with 
bright  lines  seen  in  the  structure-spectrum,  as  well  as  with  lines  seen 
in  the  spectra  of  meteorites. 

The  suggestion,  therefore,  that  some  of  the  lines  seen  in  bright-line 
stars  are  lines  of  cool  hydrogen  must  be  noted,  although  there  are 
grounds  for  rejecting  it,  as  will  shortly  appear.     One  objection  is 
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that  strong  lines  of  the  H  stmctnre  at  607 — 610  and  574  have  not 
been  recorded  in  star  spectra  with  those  at  540  and  580. 

In  the  nehnlsB  we  deal  chiefly  with  lines  seen  in  the  spectrnm  of 
magnesium  at  the  lowest  temperature  ;  and  these,  as  far  as  observa- 
tions go,  have  not  yet  been  associated  with  the  lines  at  540  and  580 
to  which  reference  has  just  been  made,  although  they  may  or  may  not 
be  associated  with  the  bright  lines  C  and  F  of  hydrogen.  In  the 
nebulae,  however,  no  lines  coincident  with  the  lines  of  cool  hydrogen 
have  been  observed.  It  will  be  seen,  therefore,  that  we  have  here 
again  strong  grounds  for  rejecting  the  view  that  the  lines  seen  in 
"  stars "  at  540  and  580  are  due  to  cool  H,  for  since  hydrogen  is 
common  to  both  nebulae  and  stars,  there  is  no  reason  why  structure- 
lines  should  occur  in  "  stars  '*  any  more  than  in  nebulsB. 
,  Another  ground  for  rejecting  cool  hydrogen  as  the  origin  of  any  of 
the  lines  in  '*  stars  "  is  that  the  structure-spectrum  of  hydrogen  is 
only  seen  in  confined  glows,  which  is  just  the  condition  which  cannot 
oochr  in  space. 

At  the  same  time,  the  apparent  coincidences  of  so  many  meteorite 
UneB  ifith  structure-lines  of  hydrogen  greatly  increases  the  difficulties 
of  laboratory  work  ;  in  fa^t,  the  structure  spectrum  of  hydrogen  is  to 
observations  of  meteorite  glows  in  the  laboratory  what  continuous 
Bpectmm  is  to  observations  of  bright  lines  in  stars. 

If  it  be  agreed  that  we  are  not  dealing  with  cool  hydrogen,  then  it 
win  follow  that  the  only  difference  between  celestial  bodies  with 
bright  lines  in  their  spectra  comes  from  no  difference  of  origin  or 
chemical  constitution,  but  from  a  difPerence  of  temperature. 

At  one  point  in  these  researches  I  was  under  the  impression  that 
the  differences  in  the  systems  of  bright  lines  seen  in  the  nebulte  and 
the  bright-line  stars  might  arise  from  a  preponderance  of  irons  or 
stones  in  the  swarms.  But  I  was  led  to  abandon  this  idea,  not  only 
by  the  observation  of  the  meteoritic  glows,  but  by  the  consideration 
that  even  telescopically  the  *' stars"  in  question  are  more  condensed 
than  the  nebulsB. 

The  spectrum  of  the  nebulse,  except  in  some  cases,  is  associated  with 
a  certain  amount  of  continuous  spectrum,  and  meteorites  glowing  at  a 
low  temperature  would  be  competent  to  give  the  continuous  spectrum 
with  its  highest  intensity  in  the  yellow  part  of  the  spectrum ;  so  that 
in  this  way  we  should  understand  that  lines  due  to  any  gas  or  vapour 
in  that  part  would  be  very  much  more  likely  to  escape  record  than 
those  in  the  part  of  the  spectrum  which  the  continuous  spectrum 
hardly  reaches.  The  general  absence,  however,  of  bright  lines  of 
metallic  vapours,  except  495  and  500,  and  of  the  bright  lines  of 
hydrogen,  evidently  justifies  the  conclusion  that  we  are  here  in 
presence  of  those  bodies  in  celestial  space,  connected  with  which  the 
temperature  and  the  electrical  excitation  are  at  the  minimum^  and  \i 
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is  very  remarkable  how  the  lines  seen  in  a  Greissler  tube  under  the 
conditions  stated,  when  either  cQAgnesium,  or  olivine,  or  other 
meteoric  constituents  are  made  to  glow,  should  appear,  one  may 
almost  say,  indiscriminately  among  the  orders  of  bodies  in  the  heavens 
which  up  to  the  present  time  have  been  regarded  as  so  utterly  different 
in  plan  and  structure  as  stars  and  nebulae. 

The  records  of  purely  continuous  spectra  in  the  case  of  many  nebulte, 
as  for  example  the  Great  Nebula  in  Andromeda,  is  in  all  probability 
an  indication  of  our  inability  to  observe  them  properly.  For  a  nebula 
to  give  a  perfectly  continuous  spectrum,  it  is  evident  that  the  compo- 
nent meteorites  must  be  incandescent,  but  still  at  a  lower  temperature 
than  that  required  to  give  bright  Hues.  Now  the  Mg  line  500  is  seen 
in  some  of  the  faintest  nebulse  where  there  is  little  or  no  continuous 
spectrum,  and  it  therefore  seems  likely  that  these  are  at  a  lower 
temperature  than  the  nebulsB  said  to  give  perfectly  continuous  spectra. 
This  being  so,  it  is  difficult  to  believe  that  other  lihes,  which  require 
a  somewhat  higher  temperature  for  their  existence  than  the  line  at 
500,  do  not  become  visible  at  this  increased  temperature. 

There  can  be  little  doubt  that  when  our  instrumental  appliances 
and  observing  conditions  become  more  perfect,  it  will  be  found  that 
the  so-called  continuous  spectra  are  really  discontinuous.  There  is, 
indeed,  an  element  of  doubt  as  regards  some  of  the  existing  observa- 
tions ;  thus,  the  spectrum  of  the  companion  to  the  Great  Nebula  in 
Andromeda  appeains  to  end  abruptly  in  the  orange,  and  throughout 
its  length  is  not  uniform,  but  is  evidently  crossed  by  lines  of  absorp- 
tion, or  by  bright  lines.* 

Again,  the  Great  Nebula  in  Andromeda  is  generally  regarded  as 
having  a  continuous  spectrum  pure  and  simple,  but  an  observer  at 
Tale  College  (name  not  stated),  has  observed  three  bright  lines  in  its 
spectrum  (*  Observatory,*  vol.  8,  p.  385).  The  lines  are  the  P  line  of 
hydrogen,  and  two  other  lines  at  wave-lengths  5312'5  and  5594'0. 
The  latter  two  lines  are  mentioned  by  the  same  observer  as  bright 
lines  iu  7  CassiopeisB  and  /3  Lyrad,  and  are  recorded  by  Sherman 
('  Astr.  Na^hr.'  No.  2691)  as  bright  lines  in  these  stars  and  in  Nova 
AndromedsB.  No  other  observations  with  which  1  am  acquainted 
give  these  two  lines  in  7  CassiopeisB  and  fi  liyrm,  but  Maunder 
('  Monthly  Notices,'  vol.  46,  p.  20)  gives  them  as  two  of  the  lines  seen 
in  Nova  AndromedsB.  It  is  possible,  therefore,  that  the  two  lines  in 
question,  in  the  Yale  College  observations,  had  their  origin  in  Nova 
AndromedsB ;  at  all  events  there  is  no  evidence  to  show  that  they  are 
visible  in  the  Great  Nebula  of  Andromeda  under  normal  conditions. 

It  is  not  impossible  that  the  lines  at  540  and  580  may  be  eventually 
traced  in  some  of  the  brightest  nebulsB,  since  these  are  apparently  the 
lines  next  in  order,  as  regards  temperature,  to  the  Mg  line  500. 

•  Huggins, '  Phil.  Trans.,'  vol.  164,  p.  441. 


1887.]  Researches  on  the  Spectra  of  Meteorites,  139 

It  is  right  tliat  I  slioiild  here  point  out  that  some  observers  of 
bright  lines  in  theiSe  so-called  stars  have  recorded  a  line  in  the  yellow 
which  they  affirm  to  be  in  the  position  of  Dj;  while  on  the  other 
hand,  in  my  experiments  on  meteorites,  whether  in  the  glow  or  in 
the  air,  I  have  seen  no  line  occupying  this  position. 

I  trust  that  some  observer  with  greater  optical  means  will  think 
it  worth  his  time  to  make  a  special  inquiry  on  this  point.  The  argu- 
ments against  this  line  indicating  the  spectrum  of  the  so-called 
helium  are  absolutely  overwhelming.  The  helinm  line  so  far,  has 
only  been  seen  in  the  very  hottest  part  of  the  sun  which  we  can  get 
at.  It  is  there  associated  with  &,  and  with  lines  of  iron  which  require 
the  largest  coil  and  the  largest  jar  to  bring  them  out,  whereas  it  is 
stated  to  have  been  observed  in  stars,  where  the  absence  of  iron  lines 
and  of  b  shows  that  the  temperature  is  very  low.  Further  no  trace  of 
it  was  seen  in  Nova  Cygni,  and  it  has  even  been  recorded  in  a 
spectrum  in  which  G  was  absent,  and  once  as  the  edge  of  a  fluting.* 

It  is  even  possible  that  the  line  in  question  merely  occupies  the 
position  of  Ds  by  reason  of  the  displacement  of  D  by  motion  of  the 
''stars  "  in  the  line  of  sight.  On  this  point  no  information  is  at  hand 
regarding  any  reference  spectrum  employed.  If,  however,  it  should 
eventually  be  established  that  the  line  is  really  Ds,  which  probably 
represents  a  fine  form  of  hydrogen,  it  can  only  be  suggested  that  the 
degree  of  fineness  which  is  brought  about  by  temperature  in  the  case 
of  the  sun,  is  brought  about  in  the  spaces  between  meteorites  by 
extreme  tenuity. 

The  Gase  of  Nova  Cygni, 

The  case  of  Nova  Cygni  is  being  discussed,  and  it  appears  likely 
that  this  ''  star "  passed  through  all  the  stages  of  temperature 
represented  by  "  stajrs  "  with  bright  lines,  comets,  and  nebulae.  In 
the  initial  stage,  the  principal  lines  recorded  were  those  of  hydrogen, 
cool  magnesium,  and  sodium.  At  a  later  date,  in  addition  to  these, 
Unes  apparently  indicating  hotter  magnesium  and  carbon  were 
observed.  On  the  date  of  its  highest  temperature  (December  8, 
1876)  the  lines  observed  by  Yogel  indicate  H,  Na,  Mg,  C,  Fe,  Mn,  and 
Ba,  the  "  star  "  having  then,  it  would  appear  from  the  discussion  so 
&r  as  it  has  yet  gone,  approached  the  condition  of  the  great  comet  of 
1882  at  perihelion.  The  Fe,  Ba,  C,  and  Na  gradually  disappeared, 
then  the  hydrogen  followed,  and  the  last  stage  of  all  was  that  in 
which  Mg  (500)  appeared  alone,  as  in  the  comets  of  1866-67  and  in 
nebulse.  The  complete  discussion,  however,  must  be  reserved  for  a 
future  communication.     It  is  sufficient  to  say  here  that  it  is  very 

•"....  The  spectrum  is  yeiy  bright :  two  strong  bands  are  seen  in  the  red, 
then  the  D  line,  followed  by  a  bright  line  (Ds),  as  the  edge  of  a  band  .  .  .  • 
(Konkoly,  "Neuer  Stem  bei  x^  Ononis,"  '  Astr.  Nachr.,*  2712). 
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probable  that  all  the  spectroscopic  phenomena  of  Nova  Cjgni  will 
admit  of  explanation  on  the  snpposition  that  it  was  produced  by  the 
collision  of  two  swarms  of  meteorites.  The  outliers  were  first 
eng^ed,  and  at  the  maximum  the  denser  parts  of  the  swarm. 

D\fficuU%es  connected  with  the  Discussion, 

An  inspection  of  the  maps,  on  which  are  shown  all  the  obseryations 
already  made  upon  bright  lines  recorded  in  the  spectra  of  celestial 
bodies,  will  indicate  at  first  sight  an  apparent  variation  of  the  positions 
of  the  lines  greater  than  might  have  been  expected.  This,  however, 
I  think  will  vanish  on  the  consideration  of  the  whole  question ;  and 
for  my  part  certainly  all  the  examinations  which  I  have  been  able  to 
make  have  led  me  to  the  conclusion  that  the  various  observations  have 
been  far  better  than  it  was  almost  possible  to  hope  for  when  the  g^reat 
difficulties  of  the  observations  themselves  are  considered. 

When  it  is  remembered  that,  in  order  to  get  a  determination  of  the 
position  of  a  bright  line,  comparison- spectra  and  prisms  are  needed, 
and  that,  from  mechanical  considerations  alone,  the  application  of 
these  aids  to  research  is  very  frequently  attended  with  difficulties  and 
uncertainties;  and  further,  when  we  consider  that  many  of  the 
observations  have  been  necessarily  made  without  these  aids;  the 
striking  coincidences  on  the  maps  become  of  very  much  greater 
importance  than  the  slight  variations  seen  between  the  positions  of 
the  same  line  recorded  by  different  observers  in  the  same  star. 

It  will  be  observed,  too,  that  the  information  in  some  cases  is  fuller 
in  the  blue  part  of  the  spectrum.  Here  again  a  reference  to  what  the 
maps  are  really  intended  to  show  is  necessary.  The  maps  do  not 
show  the  complete  spectrum  observed,  but  only  the  bright  lines 
recorded  in  it.  The  actual  observations  have  really  consisted  in 
picking  out  these  bright  lines  from  the  background  of  continuous 
spectrum,  whether  in  stars,  nebulsB,  or  comets ;  and,  as  the  continuous 
spectrum  will  be  generally  brightest  in  the  yellow  and  green,  so  in 
this  part  of  the  spectrum  we  must  expect,  first  of  all,  to  get  the  least 
information,  and  then,  when  the  information  is  obtained,  to  get  the 
g^atest  uncertainty,  on  account  of  the  difficulty  brought  about 
by  the  greater  luminosity  of  the  background  on  which  the  line 
appears. 

The  discussion  by  Hasselberg  and  others  of  the  various  observa- 
tions of  comets  which  have  been  made  from  time  to  time  indicates  that 
under  certain  circumstances,  where  men  of  the  highest  skill  and  with 
the  greatest  care  have  determined  the  wave-lengths  of  the  carbon 
bands,  discrepancies  exist  too  great  to  admit  of  their  being  attributed 
to  errors  inherent  in  this  branch  of  observation. 

If  for  a  moment  we  consider  alone  the  two  bright  flu  tings  visible  in 
the  spectrum  oi  carbon,  one  with  its  bright  edge  just  more  refrangi- 
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ble  than  b^ — this  is  the  high- temperature  spectrum — and  the  other-^ 
the  low-temperatnre  spectrum — with  a  fluting  just  less  refrangible 
than  &j,  it  is  at  once  suggested  that  sudden  changes  in  comets  may 
very  likely  be  accompanied  by  a  transition  from  one  condition  of 
carbon  vapour  to  the  other,  so  that  on  this  account  apparent  discre- 
pancies in  the  measurements  of  the  same  comet  at  different  times 
may  present  real  facts.  Then  again  we  have  the  motion  of  the  swarm 
along  its  orhit,  which  in  some  cases  we  know  is  comparable  to  the 
Telocity  of  ligbt,  so  that  variations  of  wave-length  are  produced  as 
indicated  in  comet  1882.  We  also  have  the  possibility  that  the 
velooity  of  the  vapours  in  the  jets,  and  that  due  to  the  electric  repul- 
sion— which,  according  to  ZoUner's  view,  is  the  origin  of  comets' 
tails — ^may  also  produce  changes  of  refrangibility. 

Although  as  a  rule  the  bright  fluting  seen  in  comets  appears  to  be 
that  due  to  high  temperature,  this  is  apparently  not  always  the  case. 
In  the  experiments  on  the  glow  of  magnesium  wire,  the  flu  tings  of 
carbon  have  always  been  seen,  and  when  the  vacuum  is  approached 
the  flutings  have  been  those  of  the  low-temperature  spectrum.  When 
the  glow  of  the  metal  is  seen  under  certain  conditions,  mixed  with 
carbon  vapour,  bi  and  b^  are  seen  as  bright  dots  or  short  lines  inside 
the  carbon  fluting,  exactly  as  they  were  observed,  probably,  by 
Hnggins  in  Brorsen's  comet  ('Boy.  Soc.  Proc.,'  vol.  16,  p.  386). 

Authorities  used  in  the  Maps, 

The  map  showing  the  bright  lines  in  Stars  is  based  upon  the  fol- 
lowing authorities : — 

8rd  Oygnus,  B.D.  +36',  No.  3956,  R.A.  20h.  10  m.  68.,  Deol.  +36"*  18'. 

YogeL — *  Publlcationen  des  AstrophysikaliBchen  ObservatoriomB  zu  Potadam,* 
Tol.  4,  No.  14,  p.  19. 
2iid  Cygnus,  B.D.  +  35%  No.  4013,  R.  A.  20  h.  7  m.  26  s.,  Decl.  +  35**  60-8'. 

Yogel. — *  Publicationeii  des  Astrophjaikalischen  Obseryatoriums  zu  Potsdam,' 

Tol.  4,  No.  14,  p.  19. 
Wolf  and  Eayet.— *  Comptes  BenduB,*  toI.  65  (1867),  p.  292.    The  wave- 
lengths were  obtained  from  a  curve  based  on  the  measurements  giren. 
Argelander-Oeltzen  17681,  B.A.  18  h.  1  m.  21  s.,  Decl.  -21^  16*2'. 

Yogel.—*  Publlcationen  des  Astrophysikalischen  Obserratoriums  zu  Potsdam,* 

Tol.  4,  No.  14,  p.  15. 
Pickering. — *  Astronomische  Naohriohten,'  No.  2376. 
Pickering. — *  Observatory,'  vol.  4,  p.  82. 
7  Argns,  B.A.  8  h.  5  m.  56  s.,  Decl.  -46''  59'5'. 
Copeland. — '  Copernicus,'  vol.  3,  p.  205. 
Bllery.— *  Observatory,'  vol.  2,  p.  418. 
Stone  9168  (star  in  Scorpio),  B.A.  16  h.  46  m.  15».,  Decl.  -41°  376'. 

Copeland. — *  Copernicus,'  vol.  3,  p.  205. 
1st  Argus,  B.A.  8  h.  51  m.  1  s.,  Decl.  -47°  8^ 
Copeland. — *  Copernicus,*  vol.  3,  p.  206. 
tad  Argus,  B.A.  10  h.  36  m.  54  s.,  Decl.  -58°  8'. 
CqpeUnd. — '  Copemicos,*  toL  3,  p.  206. 
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Ghould  15805  (Argo),  E.A.  11  h.  6m.  19  b.,  DocL  -60°  21'. 

Copeland. — '  Copernicus/  toI.  3,  p.  206. 
Star  in  Centaurus,  B.A.  18  h.  10  m.  87  s.,  Decl.  -57*  31'. 

Copeland. — *  CopemicuB,'  toI.  3,  p.  206. 
Star  in  Cygnus,  B.D.  +37°  No.  3821,  R.A.  20h.  7  m.  48  s.,  Decl.  +  38°  O'l'. 

Copeland. — '  Monthly  Notices  of  the  Koyal  Astronomical  Society,'  London, 
Tol.  45,  p.  90. 
Lalande  13412,  B.A.  6h.  48  m.  15  s.,  Ded.  -23°  46*8'. 

Yogel. — *  Fuhlicationen  des  Astrophysikalischen  Obiervatorioms  zn  Potsdam,' 

Tol.  4,  No.  14,  p.  17. 
Pickering. — '  Astronomische  Nachrichten,'  No.  2376. 
1st  Cygnus,  B.D.  +35°  No.  4001,  E.A.  20h.  5 m.  48 s.,  Decl.  +35* 497'. 

Yogel. — *  Fuhlicationen  des  AstrophysikaliBchen  Ohserratoriums  zu  Potsdam/ 
Tol.  4,  No.  14,  p.  17. 
y  Cassiopeis,  B.A.  Oh.  50  m.  4s.,  Decl.  +60°  7'2'. 

Yogel. — '  Fuhlicationen  des  Astrophysikalischen  Observatoriums  zu  Potsdam,' 

Tol.  4,  No.  14,  p.  15. 
Yogel. — '  Beohaohtungen  zu  Bothkamp,'  Heft  2,  p.  29. 
Gothard. — *  Astronomische  Nachrichten,'  No.  2581. 

Konkoly. — Quoted  by  Gothard  in  *  Astronomische  Nachrichten,'  No.  2581. 
*  Obserratory,'  toI.  6,  p.  332. 
/9  Lyne,  B.A.  18  h.  45  m.  55  s.,  Decl.  +  33°  13*9'. 

Yogel. — '  Fuhlicationen  des  Astrophysikalisohen  Ohserratoriums  zu  Potsdam,' 

ToL  4,  No.  14,  p.  15. 
Yogel. — '  Beobachtungen  zu  Bothkamp,'  Heft  1,  p.  33. 
Gothard. — *  Astronomische  Nachrichten,'  No.  2581. 

The  map  showing  the  bright  lines  in  NebuLce  is  based  upon  the 
following  authorities : — 

Nebula  in  Orion. 

Huggins. — *  Roy.  Soc.  Proc.,*  toI.  14,  p.  39. 
Pknetary  Nebula,  B.A.  21  h.  22  m.,  Decl.  +47°  22'. 

Copeland. — '  Copernicus,'  toL  1,  p.  2. 
Planetary  Nebula. 

Yogel. — *  Monatsberichte  der    Akademie    der    Wiasenchaften    zu    Berlin,' 
April,  1878,  p.  303. 
No.  4572,  2075 h.,  16  H.  4,  R.A.  20 h.  16m.  79 s.,  N.F.D.  74°  20'  19-3". 

Huggins. — *  Philosophical  Transactions,'  toI.  154,  p.  385. 
Comet,  1886. 

Huggins. — *  Boy.  Soc.  Froc.,'  toI.  15,  p.  5. 
Noya  Cygni. 

Lord  Lindsay  and  Dr.  Copeland. — '  Copernicus,'  toI.  2,  p.  109. 

The  map  showing  the  coincidence  of  flatings  of  carbon,  manganese, 
and  zinc,  with  bright  lines  and  flntings  in  stars  and  comets,  and  in  a 
meteorite  glow,  is  based  npon  the  following  authorities  :  — 


Hydrocarbon 

Low  temperature  carbon       ^  Work  at  Kensington. 

High  temperature  carbon 

Comet  5, 1881. 

Copeland. — 'Copernicus,'  toL  2,  p.  225. 


} 
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Mftnganese  flame. 

Lecoq  de  Boisbaudmn.  — *  Spectres  Lumineux.' 

Work  at  Kensington. 
Kora  Ononis. 

Copeland. — *  Monthly  Notices  of  the  Kojal  Astronomical  Society/  toI.  46 
p.  109. 
a  Ononis. 

YogeL — '  Beobachtungen  zn  Bothkamp/  Heft  1,  p.  20. 
B.  Ckminorum. 

Vogel. — *  Astronomische  Nachrichten/  No.  2000. 
Meteorite  Glow. 

Work  at  Kensington. 
Sdijellenip  152. 

Yogel.—  'Fublicationen  des  Astrophjsikalischen  Obserratoriums  zu  Potsdam,* 
ToL  4,  No.  14,  p.  30. 

On  the  Absorption  Phenomena  of  Stars  with  bright  Lines, 

In  addition  to  the  map  showing  the  bright  lines  visible  in  those 
stars  the  spectra  of  which  contain  them,  I  have  prepared  another 
map  showing  the  absorptions  which  also  occur.  The  two  maps 
present  a  remarkable  agreement — that  is  to  say,  there  is  the  same 
progression  in  the  absorption  phenomena  as  there  is  in  the  bright  line 
phenomena.  In  those  stars  in  which  bright  lines  are  seen  without 
the  lines  of  hydrogen  (in  which  stars  the  meteorite  swarm  is  probably 
at  a  slightly  higher  temperature  than  that  observed  in  the  nebula 
when  only  the  line  at  500  is  visible)  we  have  no  marked  absorption- 
lines,  but  rather  bands.  When  the  hydrogen  lines  are  added,  as  in 
7  CassiopeisB,  then  wc  get  the  absorption  of  sodium  and  b  of  mag- 
nesinm,  as  we  should  expect.  The  individual  meteorites  therefore 
are  much  cooler  in  these  stars  than  in  the  Novas,  seeing  that  the 
ahsorption  is  so  little  developed.  Speaking  generally,  therefore,  we 
may  say  that  there  are  two  causes  of  minimum  absorption  phenomena 
in  stars.  In  the  first  place,  as  in  the  bright-line  stars,  only  a  little 
vapour  surrounds  each  meteorite,  and  that  vapour  consists  of  the 
substances  visible  at  the  lowest  temperature ;  while,  on  the  other 
hand,  in  stars  like  Sirius,  in  consequence  of  the  absolute  state  of 
vapour,  we  only  get  practically  the  absorption  of  hydrogen,  or  at  all 
events  the  absorption  of  hydrogen  in  great  excess,  due,  I  have  very 
little  doubt,  in  part,  to  the  fact  that  most  other  substances  have  been 
dissociated  by  the  intense  heat  resulting  from  the  condensation  of  the 
meteorites. 

Notes  on  the  Provisional  Temperature  Ourve. 

In  order  to  bring  the  various  results  referred  to  in  this  communi- 
cation in  a  definite  form  before  my  own  mind,  I  have  prepared  a 
diagram  which  I  have  called  a  temperature  curve,  so  that  on  one  side 
of  it  we  may  consider  those  stages  in  the  variouB  liea\Qi)lj  \^^\e.^  Vcl 
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which  in  each  case  the  temperatnre  is  increasing,  while  on  the  other 
arm  of  the  cnrve  we  have  that  other  condition  in  which  we  get  first 
yaporons  combination,  and  then  ultimately  the  formation  of  a  crust 
dne  to  the  gradual  cooling  of  the  mass.  At  the  top  of  such  a  cmre 
we  shall  of  course  have  that  condition  in  which  the  highest  tempei*a- 
ture  must  be  assumed  to  exist.  In  a  letter  to  M.  Damas  in  the  year 
1872, 1  suggested  that  possibly  the  simplification  of  the  spectrum  of 
a  star  might  be  associated  with  the  highest  temperature  of  the  vapour, 
and  that  idea  seems  to  have  been  accepted  by  other  observers  since 
that  time.  We  shall  have  then  stars  of  the  first  class  at  the  top  of 
the  temperature  curve.  On  the  one  arm  of  the  curve  representing 
increasing  temperature  we  shall  have  at  various  heights  those  aggre- 
gations which  give  us  indications  of  a  gradually  increasing  tempera- 
ture brought  about  by  collisions,  beginning  with  meteorites  as  widely 
separated  as  they  can  be  to  keep  up  any  luminosity  at  all,  and  fioally 
vaporous  condensations  due  to  gravity. 

On  the  arm  of  the  curve  descending  from  stars  of  the  first  class  to 
dark  bodies  like,  say,  the  companion  to  Sirias,  we  must  place  those 
bodies  where  absorption  of  compound  molecules  is  indicated.  This 
we  find  in  stars  of  Class  III&  of  Yogel.  But  here  a  very  interesting 
question  arises.  Between  stars  of  the  first  class  and  that  of  lllh  we 
are  bound  to  insert  stars  of  Class  II,  already  located  naturally  on  the 
ascending  arm. 

The  Case  of  equal  Temperatures  on  either  Side  of  the  Curve, 

Speaking  roughly,  it  may  be  said  that  the  construction  of  such  a 
<nirve  as  this  suggests  that  similar  or  nearly  similar  temperatures 
will  be  found  on  either  side.  This  in  the  main,  of  course,  is  true ; 
bnt  it  must  be  pointed  out  that,  on  the  rising  curve,  the  temperature 
will  bd  that,  as  a  rule,  of  individual  meteorites  and  the  vapours  given 
oat  by  them,  while  on  the  descending  arm  it  will  be  the  temperature 
of  the  consolidated  mass,  whether  vaporous  or  becoming  solid.  But 
it  is  obvious  that  if  we  take  two  points  near  the  top  of  the  curve  we 
shall  have  very  nearly  the  same  temperature  of  the  atmosphere,  by 
which  I  mean  the  temperature  of  the  layers  in  either  case  which  are 
most  effective  in  producing  the  phenomena  of  absorption.  To  take  a 
ooncrete  case,  stars  of  the  second  class  are  obviously,  by  the  consent 
of  all,  of  a  lower  temperature  than  stars  of  the  first  class  :  on  which 
side,  therefore,  of  the  curve  must  they  be  placed  P  Or,  to  take  a 
more  concrete  case  still,  our  sun  is  a  star  of  the  second  class :  on 
which  arm  of  the  curve  must  we  place  the  san  P  Here  we  find  our- 
selves in  a  position  of  some  difficulty,  but  it  would  appear  that  future 
work  may  enable  us  really  to  divide  stars  of  the  second  class  into  two 
series,  and  if  we  can  do  so  there  is  very  little  doubt  that  one  series 
will  represent  the  phenomenon  of  decreasing  temperatuc^  oi  l\i^  «X^ 
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sorbing  layers,  while  the  other  series  will  represent  the  phenomenon 
of  increasing  temperatnre. 

What  considerations  are  likely  to  help  ns  in  such  an  inqniry  as 
this?  The  atmosphere  of  a  star  built  up  by  meteorites  should 
resemble  in  its  constitution  the  totality  of  the  chemical  constitution 
of  meteorites,  and  therefore  it  might  be  inferred  that  the  spectro- 
scopic phenomena  ^presented  by  such  an  atmosphere  would  not  be 
widely  different  from  the  spectroscopic  phenomena  presented  by  the 
vapours  of  many  meteorites  volatilised  together. 

To  investigate  this  question  I  have  obtained  composite  photo- 
graphs of  the  spectra  of  several  meteorites,  with  a  solar  spectrum  for 
purposes  of  comparison.  I  find  that,  while,  on  the  one  hand,  the 
composite  photograph  giving  us  the  spectrum  of  the  meteorites 
gpreatly  resembles  that  of  the  sun,  as  it  should  do,  there  are  some 
variations  which  suggest  the  line  of  separation  to  which  I  have 
before  alluded.  From  Dr.  Huggins's  magnificent  photographs  of  the 
stars  we  have  learned  that,  as  1  had  predicted  years  before  the 
photographs  were  taken,  the  thickness  of  H  and  K  varies  very 
greatly  in  different  stellar  spectra.  In  those  stars,  presumably  the 
hottest  ones,  in  which  we  get  the  series  of  hydrogen  lines  almost 
alone  as  great  absorbers,  K  is  almost  absent ;  it  finally  comes  in, 
however,  and  after  a  certain  stage  has  been  reached  it  is  the  most 
important  line  in  the  spec  tram.  But  there  are  stars  in  which  the 
lines  h  and  Gt  of  hydrogen  are  not  very  much  more  developed  than 
they  are  in  the  case  of  our  own  sun,  in  which  K  is  much  thinner  thai^ 
in  the  solar  spectrum ;  and  associated  with  this  condition  of  K  there 
is  the  absorption  of  a  hydrogen  line  more  refrangible  than  K  at  wave- 
length 3800,  which  is  not  represented  in  the  solar  spectrum  with 
anything  like  the  intensity.  The  question  arises,  therefore,  whether 
the  enormous  thickening  of  K  observed  in  the  sun  and  some  othei* 
stars  may  not  be  limited  to  those  stars  which,  like  our  sun,  are 
reducing  their  temperature ;  for  we  certainly  are  justified  in  assum- 
ing that  the  temperature  of  the  sun  now  is  not  so  high  as  it  was  in  an 
earlier  stage  of  the  development  of  the  system.  Such  a  difference  as 
that,  if  it  is  subsequently  established,  can  only  come  from  the  atmo- 
sphere, as  an  effect  of  cooling,  becoming  richer  in  those  substances 
the  lines  of  which  get  broader  as  the  star  cools  down.  We  can  easily 
imagine  that  during  the  process  of  cooling  the  relative  quantities  of 
the  vapours  should  not  always  remain  constant,  although  it  is  im- 
possible in  the  present  state  of  our  knowledge  to  give  any  particular 
reason  why  snch  and  such  vapours  should  disappear  fi*om  the 
spectrum  in  consequence  of  chemical  combinations,  while  others 
should  develop  apparently  in  consequence  of  their  retirement. 
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Hydrogen  plus  Carbon  indicates  mixed  Swarms, 

If  we  assame  a  brightening  of  the  meteor- swarm  dne  to  collision 
as  the  cause  of  the  so-called  new  stars,  we  have  good  grounds  for 
supposing  that  in  these  bodies  the  phenomena  should  be  mixed, 
for  the  reason  that  we  should  have  in  one  part  of  the  swarm  a 
number  of  collisions  probably  of  close  meteorites,  while  among  the 
outliers  the  collisions  would  be  few.  We  shall  in  fact  have  in  one 
part  the  conditions  represented  in  Class  Ilia,  and  in  the  other  such  a 
condition  as  we  get  in  7  CassiopeisB.  I  have  in  another  part  of  this 
paper  discussed  the  fintings  observed  in  Nova  Ononis,  and  have 
shown  that  so  far  as  they  were  concerned  we  have  the  radiation  of 
carbon  and  the  absorption  of  manganese ;  but  there  is  evidence  to 
show  that  with  these  fluted  appearances  bright  lines  were  observed 
— Dj  and  F,  although  no  mention  is  made  of  C* 

We  have  here,  there  is  little  doubt,  the  vera  causa  of  stellar  long- 
period  variability.  12  per  cent,  of  stars  of  Class  Ilia  are  variable, 
and  9  per  cent,  of  Class  1116.  In  the  one  case,  meteor-swarms  pro- 
duce the  increased  brightness  by  colliding  with  those  of  the  con- 
densing one.  In  the  other,  they  dp  so  by  their  periastron  passage 
round  the  dim  condensed  one.  There  is  no  variability,  in  the  usual 
sense  of  the  word,  in  stars  like  the  sun  and  »  LyrsB,  and  the  reason  is 
now  obvious. 

The  Conditions  of  Collisions  of  Meteorites, 

The  Chemical  Elements  most  frequently  determined  in  Meteorites, 

I  think  it  well  to  give  here  as  a  reminder  a  short  table  showing 
the  chief  substances  met  with  in  meteorites.  It  will  indicate  the 
cause  of  the  continued  reference  to  the  spectra  of  Mg,  Fe,  and  Mn  in 
what  follows. 

Siderites. 

Nickel-iron,  copper,  manganese. 

Troilite  =  FeS. 

Graphite. 

Schreibersite  =  iron  and  nickel  phos- 
phide. 

Daubr^eite  =  iron  and  chromium  sul- 
phide. 

Siderolites, 
Chondritic — 

(«)  Non-carbonaceous  =  Olivine    =     chrysolite     =    peridot    = 

(Mg,Fe)ASi  =  SiOg  41-3,  MgO  50*9. 
FeO  77. 


•  Konkoly,  *  Astr.  Nachr.,*  2712,  Djand  F;  Ricc6  indicates  Dj  in  '  Astr.  Xachr.,' 
2707. 
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(/3)  Carbonaceous 
Non-chondrittc — 


Enstatite  MgOsSi  =  SiO,  60,  MgO  40. 

Bronzite  =  EDstatite,  in  which  some  Mg 
is  replaced  by  Fe. 

Nickel-iron,  manganese. 

Troilite. 

Chromite  =  iron  protoxide  32,  chromimn 
sesqnioxide  68,  +  Al  and  Mg. 

Angite  =  pjrroxene,  SiOj  55,  CaO  23, 
MgO  16,  MnO  0-5,  FeO  4. 

Silicate  of  calcium,  sodium,  and  alumi- 
nium. 

Carbon  in  combination  with  H  and  O. 

Sulphates  of  Mg,  Ca,  Na,  and  K. 

Anorthite. 

Enstatite. 

Bronzite. 

Olivine. 

Angite. 

Troilite. 


I.  The  Numbers  of  Meteorites  in  Space. 

It  is  well  known  that  observations  of  falling-stars  have  been  used  to 
determine  roughly  the  average  number  of  meteorites  which  fall  on  the 
earth  each  twenty-four  hours ;  and  having  this  datum  to  determine 
the  average  distance  apart  between  the  meteorites  in  those  parts  of 
space  which  are  traversed  by  the  earth  as  a  member  of  the  solar 
system.  Dr.  Schmidt,  of  Athens,  from  observations  made  during 
seventeen  years,  found  that  the  mean  hourly  number  of  luminous 
meteors  visible  on  a  clear  moonless  night  by  one  observer  was  four- 
teen, taking  the  time  of  observation  from  midnight  to  1  a.m. 

It  has  been  further  experimentally  shown  that  a  large  group  of 
observers  who  might  include  the  whole  hemisphere  in  their  observa- 
tions would  see  about  six  times  as  many  as  are  visible  to  one  eye. 
Professor  H.  A.  Newton  and  others  have  calculated  that  making  all 
proper  corrections  the  n  amber  which  might  be  visible  over  the  whole 
earth  would  be  a  little  greater  than  10,000  times  as  many  as  could 
be  seen  at  one  place.  From  this  we  gather  that  not  less  than  twenty 
millions  of  luminous  meteors  fall  upon  our  planet  daily,  each  of  which 
in  a  dark  clear  night  would  present  us  with  the  well-known  pheno- 
menon of  a  shooting  star. 

This  number,  however,  by  no  means  represents  the  total  number  of 
minute  meteorites  that  enter  our  atmosphere,  because  many  entirely 
invisible  to  the  naked  eye  are  often  seen  in  telescopes.  It  has  been 
suggested  that  the  number  of  meteorites  if  these  were  included  would 
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be  increaBed  at  least  twentj-fold :  this  wonld  give  us  400  millions  of 
meteorites  falling  on  the  earth's  surface  daily.  If  we  consider,  how- 
ever, only  those  visible  to  the  naked  eye,  and  if  we  assume  that  the 
absolute  velocity  of  the  meteors  in  space  is  equal  to  that  of  comets 
moving  in  parabolic  orbits,  Professor  H.  A.  Newton  has  shown  that 
the  average  number  of  meteorites  in  the  space  that  the  earth  traverses 
is  in  each  volume  equal  to  the  earth  about  30,000.  This  gives  us  a 
result  in  round  numbers  that  the  meteorites  are  distributed  each 
250  miles  away  from  its  neighbours.* 

If,  then,  these  observations  may  be  accepted  to  be  good  for  any 
part  of  space,  we  may,  and  indeed  must,  expect  celestial  phenomena 
which  can  be  traced  to  meteorites  in  all  parts  of  space. 

Further,  we  have  the  experience  of  our  own  system  that  these 
meteors  are  apt  to  collect  in  groups. 

A  comet,  it  is  now  generally  accepted,  is  a  swarm  of  meteors  in 
company.  Such  a  swarm  finally  makes  a  continuous  orbit  by  virtue 
of  arrested  velocities ;  impacts  will  break  up  large  stones  and  will 
produce  new  vapours  in  some  cases,  which  will  condense  into  small 
meteoroids. 

A  meteorite  in  space  under  any  of  the  conditions  indicated  by  the 
comets,  new  stars,  and  such  first-magnitude  stars  as  a  Orionis,  will 
evidently  be  subject  to  collisions,  but  only  to  a  greater  number  of 
collisions  than  those  which  must  ordinarily  occur  if  space  is  as  full  of 
meteorites  as  Professor  Newton's  calculations,  from  observations  made 
on  the  earth,  would  naturally  seem  to  indicate. 

The  Velocity  of  Lwminoue  Meteors, 

In  spite  of  the  difficulties  which  attend  the  observations  necessary 
to  determine  the  velocity  of  meteors  entering  our  atmosphere,  many 
observations  have  been  made  from  which  it  may  be  gathered  that  the 
velocity  is  rarely  under  10  miles  a  second  or  over  40  or  50.  It  is 
known  that  the  velocities  of  some  meteor-swarms  are  very  different 
from  those  of  others.  Professor  Newton,  our  highest  authority  on 
this  subject,  is  prepared  to  consider  that  the  average  velocity  may  be 
taken  to  be  30  miles  a  second. 

Result  of  Collisions, 

If  we  take  these  velocities  as  representing  what  happens  in  other 
regions  of  space,  and  assume  the  specific  heat  of  the  meteorites  to  be 
0*10,  the  increase  in  their  temperature  when  their  motions  are  arrested 
by  impacts  will  be  roughly  as  follows : — 


•  Artaole  "Meteorites,"  Professor  Newton,  *  Encyclopaedia  Britannica,'  9th  edition, 

TOl.  16. 
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f 

Velocity  1  mile  per  second 3,000**  0. 

„  10  „  „  300,000 

„  20  „  „  1,200,000 

„  30  „  „  2,700,000 

„  60  „  „  10,800,000 

It  is  clear,  however,  that  we  should  under  the  conditions  stated  be 
more  frequently  dealing  with  grazes  than  collisions. 

Comets  due  to  Collisions  of  Meteorites, 

The  fact  that  comets  are  due  to  swarms  of  meteorites  was  first 
established  by  Schiaparelli  in  1866,  when  he  demonstrated  that  the 
orbit  of  the  August  meteors  was  identical  with  that  of  the  bright 
comet  of  1862.* 

NehulcB  due  to  Collisions  of  Meteorites, 

So  far  as  I  know  the  first  suggestion  that  nebulsB  were  really  in 
some  manner  associated  with  meteorites  and  not  with^  masses  of  gas 
was  made  by  Professor  Tait  in  1871. f  I  have  used  the  suggestion  in 
my  lectures  ever  since,  and  it  is  now  some  years  ago  since  I  put  it  to 
an  experimental  test  by  showing  that  both  the  spectra  of  comets  and 
nebuke,  so  far  as  carbon  and  hydrogen  were  concerned,  could  be  pro- 
duced from  a  vessel  containing  the  vapours  produced  by  meteorites. 
More  recently,  M.  Faye  has  stated  in  his  works  on  the  nebular  hypo- 
thesis that  the  solar  nebula  may  as  probably  have  consisted  of  a  cioad 
of  stones  as  of  a  mass  of  gas.  This  view,  however,  has  not  been 
favoured  by  Dr.  Huggins,  who  in  his  observations  both  on  nebulaa  and 
comets  has  inferred  from  the  near  coincidence  of  the  line  of  500  with 
the  strong  air  line  that  we  are  probably  in  presence  of  nitrogen,  or  Of 
a  form  of  matter  more  elementary  than  nitrogen ;  the  line  at  373  being 
attributed  by  him  also  to  some  unknown  form  of  hydrogen  on  account 
of  its  coincidence  with  one  of  the  series  of  hydrogen  lines  in  the  ultra- 
violet observed  in  the  spectra  of  stars  of  the  first  class. 

"J^^ett?  Stars  "  due  to  Collisions  of  Meteorites, 

The  idea  that  the  Novas  which  appear  from  time  to  time  are  due  to 
collisions  of  meteorites  was,  I  think,  first  advanced  by  myself  in  1877, 
when  I  wrote  in  connection  with  Nova  Cygni : — 

•  Letters  to  Father  Secchi^  printed  in  the  '  Bollettino  *  of  the  Collegio  Romano, 
and  reproduced  in  '  Les  Mondes,'  toI.  18. 

t  "  It  BoemB  to  me  that  we  have  a  series  of  indications  of  what  (for  want  of  a 
better  phrase)  may  be  called  the  period  of  life  of  a  star  or  group  j  beginning  with 
the  glowing  gases  dereloped  by  impacts  of  agglomerating  cold  masses.  (Pkuaetaiy 
nebulflB  and  others  irresolvable,  such  as  those  of  Orion,  Lyra,  &c.,  where  the 
spectrum  consists  of  a  yery  few  bright  lines  only.)  "  (Professor  Tait,  '  Edinburgh, 
Boy.  Soc.  Proc.,'  1871.) 
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"  The  very  rapid  reduction  of  light  in  the  case  of  the  new  star  in 
C  jgnus  was  so  striking  that  I  at  once  wrote  to  Mr.  Hind  to  ask  if 
any  change  of  place  was  observable,  because  it  seemed  obvious  that, 
if  the  body  which  thus  put  on  so  suddenly  the  chromospheric  spectrum 
ivere  single,  it  might  only  weigh  a  few  tons,  or  even  hundredweights, 
and,  being  so  small,  might  be  very  near  us.  Mr.  Hind's  telescope  was 
dismounted,  and  I  have  not  yet  got  any  information  as  to  the  change 
of  position  ;  and  as  I  am  now  writing  in  the  Highlands,  away  from 
all  books,  I  have  no  opportunity  of  comparing  the  position  now  given 
by  Lord  Lindsay  in  R.A.  2lh.  36ra.  528.,  Decl.  -f  42'*  16'  53",  with 
those  given  on  its  first  appearance  by  Winnecke  and  others. 

"  We  seem  driven,  then,  from  the  idea  that  these  phenomena  are 
produced  by  the  incandescence  of  large  masses  of  matter,  because  if 
tbey  were  so  produced,  the  running  down  of  brilliancy  would  be 
exceeding  slow. 

"  Let  us  consider  the  case,  then,  on  the  supposition  of  small  masses 
of  matter.  Where  are  we  to  find  them  ?  The  answer  is  easy : — in 
those  small  meteoric  masses  which,  an  ever- increasing  mass  of  evi- 
dence tends  to  show,  occupy  all  the  realms  of  space."* 

The  Effects  of  Collisions, 

The  question  of  what  must  happen  to  the  meteorites  themselves  in 
consequence  of  this  system  of  collisions  is  worth  going  into  thoroughly. 
A  very  cursory  examination  seems  to  indicate  that  much  light  is 
thrown  on  the  condition  of  meteorites  as  we  know  them,  and  their 
division  into  iron  and  stony. 

As  30  miles  per  second  is  a  very  frequent  value  obtained  for  the 
velocity  of  meteorites  when  they  enter  our  atmosphere,  it  is  possible 
to  compare  temperatures  brought  about  by  collisions  with  those  pro- 
duced by  passage  through  our  atmosphere.  Two  masses  of  meteoric 
iron  meeting  each  other  in  space  would  probably,  if  moving  with  a 
certain  velocity,  be  formed  into  a  pasty  conjoined  mass,  and  this 
process  might  go  on  until  an  iron  of  large  dimensions  was  formed, 
and  the  various  meteorites  thus  welded  together  would  present  in  time 
a  very  fragmentary  appearance.  While  irons  were  thus  increasing  in 
size,  collisions  with  smaller  meteorites  would  be  attended  with  very 
local  increases  of  temperature,  perhaps  sufficient  to  volatilise  the 
surface  or  allow  it  to  be  indented,  and  in  this  manner  the  well-knowa 
**  thumb-marks  "  receive  explanation. 

The  masses  of  iron,  when  in  a  state  of  fusion,  whatever  their  size, 
would  be  able  to  include  stony  meteorites  in  their  vicinity.  In  the 
case  of  stones  it  is  easy  to  see  that  the  result  would  be  very  different. 
Their  collisions  would  have,  most  probably,  the  effect  of  reducing 
large  pre-existing  masses  to  smaller  ones,  and  the  collision  of  a  large 

•  *  Nature,'  rol.  16,  p.  413. 
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stone  with  a  large  iron  would  probably  effect  the  driving  of  the  stone 
into  fragments,  while  the  iron  wonld  be  liquefied  so  as  to  inclose  some 
of  the  fragments  in  its  mass. 

These  operations  of  Nature  might  go  on  either  in  free  space,  or  in 
the  head  of  a  comet,  or  in  meteor-swarms.  They  probably  cause  the 
appearance  of  the  so-called  new  stars,  and  in  these  various  circum- 
stances the  rate  of  subsequent  cooling  would  of  course  be  very  different, 
so  that  the  results  would  be  very  different  indeed. 

Large  masses  on  collision  probably  destroy  each  other,  prodnce 
fragments  and  vapour,  which  again  condense.  The  heterogeneous 
structure  is  thns  to  a  certain  extent  explained.  On  collision  the  part 
of  the  substance  of  the  meteorite  given  up  will  depend  on  the  tempe- 
rature, and  thus  a  mass  of  metallic  iron  mixed  with  silicates  at  low 
temperature  will  get  rid  of  the  iron  at  once,  which  must  then  perforce 
condense  in  a  separate  swarm';  therefore  under  low  temperature  con- 
ditions, say  at  aphelion,  irons  alone  will  be  formed  and  the  stones  will 
become  spongy.     The  stones  will  absorb  the  carbon  and  hydrogen 

General  Conclusions. 

The  general  conclusions  to  which  the  foregoing  investigations  lead 
nmy  thus  be  stated : — 

I.  All  self-luminous  bodies  in  the  celestial  spaces  are  composed  of 
meteorites,  or  masses  of  meteoritio  vapour  produced  by  heat  brought 
about  by  condensation  of  meteor-swarms  due  to  gravity. 

II.  The  spectra  of  all  such  bodies  depend  upon  the  heat  of  the 
meteorites,  produced  by  collisions,  and  the  average  space  between  the 
meteorites  in  the  swarm,  or  in  the  case  of  consolidated  swarms,  upon 
the  time  which  has  elapsed  since  complete  vaporisation. 

III.  The  temperature  of  the  vapours  produced  by  collisions  in 
nebuIsB,  stars  without  C  and  F  but  with  other  bright  lines,  and  iu 
coraets  away  from  perihelion,  is  about  that  of  the  bunsen  burner. 

IV.  The  temperature  of  the  vapours  produced  by  collision  in 
a  Orionis  and  similar  stars  is  about  that  of  the  Bessemer  fiame. 

V.  The  line  of  increase  of  temperatures  of  the  swarms  of  meteorites 
and  subsequent  cooling  of  the  mass  of  vapour  produced,  and  the 
accompanying  phenomena,  may  be  provisionally  stated  as  follows : — 
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YI.  The  brilliancy  of  these  aggregations,  at  each  increasing  tem- 
perature, depends  on  the  nnmber  of  meteorites  in  the  swarm,  i.e.,  the 
difference  depends  upon  the  quantity,  and  not  the  intensity,  of  the 
light. 

yil.  The  existing  distinction  between  stars,  comets,  and  nebulsd 
rests  on  no  physical  basis. 

VIII.  The  main  factor  in  the  various  spectra  produced  is  the  ratio 
of  the  interspaces  between  the  meteorites  to  their  incandescent  sur- 
face, 

IX.  When  the  interspace  is  very  great,  the  tenuity  of  the  gases 
given  off  by  collisions  will  be  so  great  that  no  luminous  spectrum  will 
be  produced  ("nebulce  "  and  "  stars  '*  without  F  bright).  When  the 
interspace  is  less,  the  tenuity  of  the  gas  will  be  reduced,  and  the 
vapours  occupying  the  interspaces  will  give  us  bright  lines  or  flutinga 
("  nebalsB  "  and  "  stars  '*  with  F  bright).  When  the  interspace  is  rela- 
tively small,  and  the  temperature  of  the  individual  meteorites  there- 
fore higher,  the  preponderance  of  the  bright  lines  or  fiutings  in  the 
spectrum  of  the  interspaces  will  diminish,  and  the  incandescent 
vapour  surrounding  each  meteorite  will  indicate  its  presence  by 
absorbing  the  continuous  spectrum -giving  light  of  the  meteorites 
themselves. 

X.  The  brighter  lines  in  spiral  nebulae,  and  in  those  in  which  a 
rotation  has  been  set  up,  are  in  all  probability  due  to  streams  of 
meteorites,  with  irregular  motions  out  of  the  main  streams,  in  which 
the  collisions  would  be  almost  nil.  It  has  already  been  suggested  by 
Professor  G.  H.  Darwin* — using  the  gaseous  hypothesis — that  in  sach 
nebulae  **  the  great  mass  of  the  gas  is  non-luminous,  the  luminosity 
being  an  evidence  of  condensation  along  lines  of  low  velocity,  accord- 
ing to  a  well-known  hjdrodynamical  law.  From  this  point  of  view 
the  visible  nebula  may  be  regarded  as  a  luminoas  diagram  of  its  own 
stream-lines." 

XI.  New  stars,  whether  seen  in  connexion  with  nebulae  or  not,  are 
produced  by  the  clash  of  meteor-swarms,  the  bright  lines  seen  being 
low-temperature  lines  of  elements  the  spectra  of  which  are  most 
brilliant  at  a  low  stage  of  heat. 

XII.  Most  of  the  variable  stars  which  have  been  observed  belong 
to  those  classes  of  bodies  which  I  now  suggest  are  uncondensed  meteor- 
swarms,  or  condensed  stains  in  which  a  central  more  or  less  solid  con- 
densed mass  exists.  In  some  of  those  having  regular  periods  the 
variation  would  seem  to  be  partly  due  to  swarms  of  meteorites  moving 
around  a  bright  or  dark  body,  the  maximum  light  occurring  at  peri- 
astron. 

XIII.  The  spectrum  of  hydrogen  seen  in  the  case  of  the  nebolae 
seems  to  be  due  to  low  electrical  excitation,  as  happens  with  the 

•  *  Nature,'  vol.  31,  p.  25. 
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spoctram  of  carbon  in  the  case  of  comets.  Sudden  changes  from  one 
spectrum  to  the  other  are  seen  in  the  glow  of  meteorites  in  yacnum 
tabes  when  a  current  is  passing,  and  the  change  from  H  to  C  can 
always  be  brought  about  by  increased  heating  of  the  meteorite. 

XIV.  Meteorites  are  formed  by  the  condensation  of  vapours  thrown 
off  by  collisions.  The  small  particles  increase  by  fusion  brought 
about  again  by  collisions,  and  this  increase  may  go  on  until  the 
meteorites  may  be  large  enough  to  be  smashed  by  collisions,  when  the 
heat  of  impact  is  not  sufficienb  to  produce  volatilisation  of  the  whole 
mass. 

XV.  Beginning  with  meteorites  of  average  composition,  the  extreme 
forms,  iron  and  stony,  would  in  time  be  produced  as  a  result  of  colli- 
sions. 

XVI.  In  recorded  time  there  has  been  no  such  thing  as  a  world  on 
fire,  or  the  collision  of  masses  of  matter  as  large  as  the  earth,  to  say 
oothing  of  masses  as  large  as  the  sun ;  but  the  known  distribution  of 
meteorites  throughout  space  indicates  that  such  collisions  form  an 
integral  part  of  the  economy  of  nature.  The  number  of  bodies,  how- 
ever, subject  to  such  collisions  is  extremely  small,  and  must,  it  would 
appear,  form  but  a  small  percentage  of  the  celestial  bodies,  seeing 
that  they  must  be  dark  and  cold, 

XVII.  Special  Solar  Applications. 

m.  The  solar  spectrum  can  be  very  fairly  reproduced  (in  some  parts 
of  the  spectrum  almost  line  for  line)  by  taking  a  composite  photo- 
graph of  the  arc  spectrum  of  several  stony  meteorites,  chosen  at 
tandom,  between  iron  meteoric  poles. 

p.  The  carbon  which  originally  formed  part  of  the  swarm  the  con- 
densiiionQf  which  produced  the  solar  system,  has  been  disaooiated 
bj  the  high  tepiperatare  brought  about  by  that  oOndeoaation, 

7.  The  indications  of  carbon -which  I  discovered  in  1874  (^Roy. 
Proe.  See.,'  vol.  37,  p.  308)  will  go  on  increasing  in  intensity  slowly, 
until  a  stage  is  reached  when,  owing  to  the  reduction  of  tiemperature 
of  the  most  effective  absorbing  layer,  the  chief  absorption  will  be  that 
of  carbon — a  stage  in  which  we  now  find  the  stars  of  Class  lllh  of 
Vogers  classification. 

£.  At  the  present  time  it  seems  probable  that  among  the  chief 
chailges  going  on  in  the  solar  speotram  are  the  widening  of  K  and  the 
thinkiing  of  the  hydrogen  lines. 

I  liATe  finally  to  express  my  great  obligations  to  Mtssrs.  Fowler, 
TajWi  and  Richards,  who  hare  helped  me  in  various  ways  in  the 
reseafohet  embodied  in  this  paper«  Mr,  Fowler,  the  assistant  to  the 
Solai^  Pbygfes  Gommittee,  haft  made  most  of  the  observations  on 
meteorites,  and  low-temperature  spectra  generally,  which  have  beeu. 
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recorded  on  the  mapa,  and  he  has  carried  ont  this  work  with  a  care, 
■  skill,  and  patience  beyond  all  praise.  The  obtiervatioas  have  in  nearly 
'  every  oase  been  checked  also  bj  myself.  Ur.  Taylor,  the  Demon- 
strator of  Astronomy,  has  been  chiefly  responsible  for  look:iii|r  up  the 
literature  and  mapping  the  results,  in  which  he  has  been  aided  by 
Mr.  Richards. 


II.   "Specific  Inductive   Capacity."     By  J.  HOPKINSON,  M-A^ 
D.Sc.,  F.I1.S.    Received  October  14,  1887. 

The  experiments  which  are  the  subject  of  the  present  communica- 
tion were  originally  undertaken  with  a  view  to  ascertain  whether  or 
not  various  methods  of  determination  would  give  the  same  values  to 
the  specific  inductive  capacities  of  dielectrics.  The  programme  was 
subsequently  narrowed,  as  there  appeared  to  be  no  evidence  of  aeriona 
discrepancy  by  existing  methods. 

In  most  caRes  the  method  of  experiment  has  been  a  modification,  of 
the  method  proposed  by  Professor  Maxwell,  and  employed  by  itr. 
GordoB.  The  only  vice  in  Mr.  Gordon's  employment  of  that  metho>i 
was  that  plates  of  dielectrics  of  dimensions  comparable  with  their 
thickness  were  regarded  as  of  infinite  area,  and  thus  an  error  of 
unexpectedly  great  magnitude  was  introduced. 

For  determining  the  capacity  of  liquids,  the  apparatus  consisted  of 
a  combination  of  fonr  air  condensers,  with  a  fifth  for  containing  the 
liquid  an-anged  as  in  a  Wbealstone's  bridge,  fig.  1.     Two,  E,  P,  weie 
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of  deteraiiDate  aod  approximately  eqaal  capacity ;  the  other  two,  J,  I, 
H'CK  adjostable  slides,  tlie  capacity  of  either  condenser  being  varied 
bj  the  sliding  part.  The  onter  coatiagB  of  the  condensers  E,  F,  were 
ci>imected  to  the  case  of  the  quadrant  electrometei-,  and  to  one  polo  of 
Ibe  i  ad  action  coil;  the  outer  coatings  of  the  other  pair,  J,  I,  were 
connected  to  the  needle  of  the  electrometer  iiml  to  the  other  pole  of 
tb  indnetion  coil.  The  inner  coatings  of  the  conJensoi-s  J,  F,  were 
toonected  to  one  qnadraiit,  nod  I,  R,  to  the  other  qiiadnint  of  the 
electrometer.  The  slide  of  one  or  both  condensers  J,  I,  wan  adjusted 
til!  upon  exciting  the  induction  coil  no  deflection  was  observed  on  the 
electrometer.  A  dummy  voh  provided  with  the  fiaid  condenser,  na 
in  nif  fonoer  experiments,  to  repreaent  the  necessary  supports  and 
(Mnexions  untside  of  the  liquid.  Let  now  x  be  the  reading  of  tho 
)liding  condenser  when  no  condenser  for  Said  is  introduced,  and  a 
nlsDce  is  obtained.  Let  y  be  its  reading  when  the  condenser  is 
introdnced  fitted  with  it«  dnmmy,  z  when  the  full  condenser  is  charged 
*ith  sir.  Let;  Zj  be  the  reading  when  the  condenser  charged  with 
''aid  is  introduced,  then  will  K,  the  specific  inductive  capacity  of  the 
'quid,  be  equal  to  (y— 'i)/(ff  — «). 

Three  fluid  condensers  were  employed,  one  was  tho  same  hb  in  my 
>riiier  eiperimenta.*  Another  was  a  smaltor  one  of  the  same  typo 
''ranged  simply  to  contain  a  smaller  quantity  of  fluid.  The  third 
'&9  of  a  different  type  designed  to  prove  that  by  no  chance  did  any- 
liog  depend  on  the  type  of  condenser ;  this  done  it  was  laid  aside  as 
•"re  complicated  in  nse. 

To  determine  the  capacity  of  a  solid,  the  guard-ring  condenser  of 
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mj  previoDs  experiments*  was  used.  Advantego  was  taken  of  the 
tact  that  at  the  time  when  there  is  a  balance  the  potentials  of  the 
tnteriora  of  all  the  condensers  are  the  same.  Let  the  ring  O  of  the 
guard-ring  condenser  be  in  all  cases  connected  to  J,  let  the  inner 
plate  of  the  guard-ring  be  coonected  to  J  as  in  fig.  2,  and  let  a 
bilance  be  obtained.  Let  the  inner  plate  be  now  transferred  to  I  as 
in  fig.  3,  and  again  let  &  balance  be  obtained ;  the  difference  of  the 


two  I>eadmg9  on  the  alMe  represents  on  a  certain  arbitmr;  scale  the 
papacjty  of  the  guard -ring  condenser  at  its  then  distance. 

IiiFSome  oasM  it  wu  neoewiatxtoadjast  both^ooodmaen  to  obtain 
a  balance,  then  the  valne  of  a  movement  of  (he.  aoale  of  ooe  con- 
denser in  tenOB  of  the  other  was  known  from  previovs  experiment. 
In  some  cases  it  was  found  most  convenient  to  introdncca  oondaiser 
cf  capacity  known  in  divisions  of  the  scale  of  the  sliding-  oondenser 
coupled  as  forming  part  of  the  condenser  J.  The  old  method  of 
adding  the  opptMite  charges  of  two  condensers  then  connecting  td  the 
electrometer  and  adjnstlng  nntil  the  electrometer  renmned  nndis- 
tnrbed  waa  occasionally  naed  as  a  check;  it  was  found  to  give 
nnbstantially  the  same  reBUlts  aa  the  method  here  described  when  the 
snbstancfl  inaalated  safficiently  well  to  give  any  results  at  all. 

CoUa  OH. — This  oil  had  been  found  not  to  insnUtesttSciently  well 
for  a  teat  1^  the  method  of  my  former  paper. '  If  oat  sampler^liow^Ter, 
wore  sufficiently  ioanlating  for  the  present  method.  Seven  laiiipUB 
wrrc,teflt«d  with  the  following  mean  resnltB  :— 

•  •  Phil.  TiMi.,'  1878,  Part  I. 
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No.  1.  Thifl  oil  was  kindly  procured  direct  from  Italy  for  these 
experiments  by  Mr.  J.  C.  Field,  and  was  tested  as  supplied  to  me — 

■K  =  310. 

No.  2  was  purchased  from  Mr.  Sugg,  and  tested  as  supplied — 

K  =  3- 14. 

No.  3  was  purchased  from  Messrs.  Griffin,  and  was  dried  over 
anhydrous  copper  sulphate — 

K  =  3  :>3. 

No.  4  was  refined  rape  oil  purchased  from  Messrs.  Pinchin  and 
Johnapn,  and  tested  as  supplied — 

K  =  3-08. 

No.  5  was  the  same  oil  as  No.  4,  but  dried  over  anhydrous  copper 
Bnlpbale — 

K  =  3-07. 

No.  6  was  unrefined  rape  purchased  from  Messrs.  Pinchin  and 
Johnson  and  tested  as  supplied,  the  insulation  being  bad,  but  still  not 
so  bad  as  to  prevent  testing — 

K  =  312. 

No.  7.  The  same  oil  dried  over  sulphate  of  copper — 

K  =  309. 

Omitting  No.  3,  which  I  cannot  indeed  say  of  my  own  knowledge 
was  pure  colza  oil  at  all,  we  may,  I  think,  conclude  that  the  specific 
inductive  capacity  of  colza  oil  lies  between  3'07  and  3*14. 

Professor  Quincke  gives  2'885  for  the  method  of  attraction  between 
the  plates  of  a  condenser,  3*296  for  the  method  of  lateral  compression 
of  a  bubble  of  gas.     Palaz*  gives  3' 02 7. 

OUve  Oil. — The  sample  was  supplied  me  by  Mr.  J.  C.  Field — 

K  =  315. 

The  result  I  obtained  by  another  method  in  1880  was  3' 16. 

Two  other  oils  were  supplied  to  me  by  Mr.  J.  C.  Field. 

Arachide.—K  =  31 7. 

8e9ame.—K  =  31 7. 

A  commercial  sample  of  raw  linseed  oil  gave  K  =  3*37. 

Two  samples  of  castor  oil  were  tried ;  one  newly  purchased  gave 

•  *  l4i  LuuJ^re  Slectrique,*  vol.  21, 1886,  p.  97 . 
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K  =  4*82  ;  the  other  had  been  in  the  laboratory  a  long  time,  and  wad 
dried  over  copper  sulphate — 

K  =  4-84. 

The  result  of  my  earlier  experimeDts  for  castor  oil  was  4'78  ;  the 
result  obtained  subsequently  by  Cohn  and  Arons*  is  4*43.  Palaa 
gives  4*610. 

Ether, — This  substance  as  purchased,  reputed  chemically  pure,  does 
not  insulate  sufficiently  well  for  experiment,  I  placed  a  sample 
purchased  from  Hopkin  and  Williams  as  pore,  over  quicklime,  and 
then  tested  it.  At  first  it  insulated  fairly  well,  and  gave  K  =  4*75. 
In  the  course  of  a  very  few  minutes  K  =  4*93,  the  insulation  having 
declined  so  that  observation  was  doubtful.  After  the  lapse  of  a  few 
minutes  more  observations  became  impossible.  Professor  Qaincke  in 
his  first  paper  gives  4*623  and  4*660,  and  4*394  in  his  second  paper. 

Bis^dphide  of  Carbon. — The  sample  was  purchased  from  Hopkin 
and  Williams,  and  tested  as  it  was  received — 

K  =  2*67. 

Professor  Quincke  finds  2*669  and  2*743  in  his  first  paper,  and 
2*623  in  his  second.     Palaz  gives  2*609. 
Amylene, — Purchased  from  Burgoyne  and  Company — 

K  =  2*05. 

The  refractive  (ji)  index  for  line  D  is  1*3800, 

^43  =  1*9044. 

Of  the  benzol  series  four  were  tested  :  6e??zo7,  toluol,  xylol,  obtained 
f rofn  Hopkin  and  Williams,  cymol  from  Burgoyne  and  Company. 

In  the  following  table  the  first  column  gives  my  own  results,  the 
second  those  of  Palaz,  the  third  my  own  determinations  of  the  refrac- 
tive'index  for  line  D  at  a  temperature  of  17*5°  C,  and  the  fourth  the 
square  of  the  refractive  index  : — 

/*•  /*'• 

Benzol 2*38 2*338   ....  1*5038   ....  2*2614 

Toluol 2*42   ....  2-365 1*4990   ....  2*2470 

Xylol     2-39 —     ....  1*4913   ....  2*2238 

Cymol  2*25 —      ....  1*4918 2*2254 

For  benzol  Silow  found  2*25,  and  Quincke  finds  2*374. 

The  method  employed  by  Palaz  is  very  similar  to  that  employed  by 
myself  in  these  experiments ;  but,  so  far  as  I  can  ascertain  from  his 
paper,  he  fails  to  take  account  of  the  induction  between  the  case  of 

*  '  Wiedemann's  Annaleii/  vol.  28,  p.  474. 
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l^is  (laid  condenfler  and  his  connecting  wire;  he  also  supports  the 
mTYiier  coating  of  his  fluid  condenser  on  ebonite;  and,  so  far  as  1  can 
rlisoover,  fails  to  take  account  of  the  fact  that  this  also  would  have 
±^he  effect  of  diminishing  to  a  small  extent  the  apparent  specific  in- 
ductive capacity  of  the  fluid.  Possibly  this  may  explain  why  his 
v^esnlts  are  in  all  cases  lower  than  mine.  Determinations  have  also 
l3een  made  by  Negreano  (*  Comptes  Rendus,*  vol.  104,  1887,  p.  423) 
fcy  ft  method  the  same  as  that  employed  by  myself. 

'J'hree  substances  have  been  tried  with  the  guard-ring  condenser 

double  extra  dense  flint-glass,  paraffin  wax,  and  rock  salt.     The 

:firBt  two  were   not   determined   with  any  very  great  care,  as  they 
"^vere  only  intended  to  test  the  convenience  of  the  method.    For  double 
extra  dense  flint-glass  a  value  9*5  was  found ;  the  value  I  found  by 
xny  old  method  was  9*896.     For  paraffin  wax  2*31  was  obtained — ^my 
previous  value  being  2*29.     In  the  case  of  rock  salt  the  sample  was 
"very  rough,  and  too  small ;  the  result  was  a  specific  inductive  capacity 
of  about  18,  a  higher  value  than  has  yet  been  observed  for  any  sub- 
ftfttanoe.     It  must,  however,  be  received  with  great   reserve,  as   the 
sample  was  very  unfavourable,  and  I  am  not  quite  sure  that  conduc- 
tion in  the  sample  had  not  something  to  do  with  the  result.     In  the 
experiments  with  the  guard-ring  condenser  the  disturbing  effect  of 
the  connecting  wire  was  not  eliminated.     My  thanks  are  due  to  mj 
pupil,  Mr.  Wordingham,   for  his  valued  help   in   carrying  out  the 
experiments. 
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November  24,  1887. 

Professor  G.  G.  STOKES,  D.C.L.,  President,  in  the  Chair. 

In  pursuance  of  the  Statutes,  notice  was  given  from  the  Chair  of 
tTxe  ensuing  Anniversary  Meeting,  and  the  list  of  Officers  and  Council 
minated  for  election  was  read  as  follows  : — 

President. — Professor  George  Gabnel  Stokes,  M.A.,  D.C.L.,  LL.D. 

Treasurer, — John  Evans,  D.C.L.,  LL.D. 

o      A     »         f  Professor  Michael  Foster,  M.A.,  M.D. 
becretanes.— ^^^^  Lord  Ilayleigh,  M.A.,  D.C.L. 

Foreign  Secretary, — Professor  Alexander  William  Williamson,  LL.D. 

Other  Members  of  the  Goancil. — Sir  William  Bowman,  Bart.,  M.D. ; 
Henry  Bowman  Brady,  F.L.S.,  F.G.S. ;  Professor  Arthur  Cayley, 
D.C.L.,  LL.D. ;  W.  T.  Thiselton  Dyer,  M.  A. ;  Professor  David  Ferrier, 
M.A.,  M.D. ;  Edward  Frank  land,  D.C.L. ;  Arthur  Gramgee,  M.D. ; 
Professor  Joseph  Henry  Gilbert,  M.A. ;  Professor  John  W.  Judd, 
P.6.S. ;  Professor  Herbert  McLeod,  F.I.C. ;  William  Pole,  Mas.  Doc. ; 
William  Henry  Preec^,  M.I.C.E. ;  Admiral  Sir  George  Henry 
Richards,  K.C.B. ;  Professor  Arthur  William  Riicker,  M.A. ;  the  Earl 
of  Rosse,  D.C.L.,  LL.D. ;  Sir  Bernhard  Samuelson,  Bart.,  M.I.C.E. 

• 

The  Rev.  Octavius  Pickard-Cambridge  was  admitted  into  the 
Society. 


The  Presents  received  were  laid  on  the  table  and  thanks  ordered 
for  them. 

The  following  Papers  were  read : — 

I.  •*0n  the  Classification  of  the  Fossil  Animals  commonly  named 
Dinosauria."  By  H.  G.  Seeley,  F.R.S.,  Professor  of  Geo- 
graphy in  King's  College,  London.  Received  August  31, 
1887. 

Three  classiBcations  of  the  Dinosauria  have  been  proposed,  which 
<liffer  from  each  other  in  the  principles  on  which  their  authors 
proposed  to  make  the  divisions. 

Krst  in  time  is  Professor  Cope's  classification  ('  Phi\«bde\p\\\fii.^  ke»A. 

TOL.  JLJU,  o 
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Nat.  Sci.  Proc.,*  November  13th,  1866,  and  December  Slst,  1867; 
'Amer.  Phil.  Soc.  Trans./  vol.  14,  Part  I).  He  relied  upon  the 
charac^rs  of  the  tarsus  and  the  ilium ;  and  on  their  varied  condition 
divided  Dinosaurs  into  three  orders  named  Orthopoda,  Goniopoda, 
and  Symphopoda.  In  the  Orthopoda,  the  generic  types  associated  are 
Scelidosaurus,  Hylaeosaurus,  Iguanodon,  and  Hadrosanms.  And  in 
this  group  the  relations  of  the  tibia  and  fibula  are  compared  to  those 
of  modem  Lizards,  the  proximal  tarsals  being  distinct  from  each 
other  and  from  the  tibia.  The  ilium  has  a  narrowed  anterior 
prolongation . 

The  Goniopoda  is  so  named  from  the  abrupt  flexure  of  the  tarsns 
in  the  middle,  which  prevented  the  foot  being  extended  in  a  line  with 
the  leg,  so  that  the  animals  are  plantigrade.  The  astragalus  is  distinct 
from  the  tibia,  but  embraces  its  distal  end.  The  anterior  portion  of 
the  ilium  is  dilated  and  plate-like.  The  genera  in  this  group  comprise 
Megalosaurus,  La^laps,  Coelosaurus,  &c. 

The  Si/mphopoila  comprises  animals  having  the  first  series  of  tarsal 
bones  confluent  with  each  other  and  with  the  tibia.  The  anterior 
part  of  the  ilium  is  dilated  and  plate-like.  The  type  genera  arc 
Omithotarsus  and  Compsognathus. 

Professor  Huxley  rejected   Professor   Cope's   groups   because   he 
considered  that  the  relations  of  the  tarsal  bones  to  the  tibia  and  fibula, 
which  were  supposed  to  characterise  the  Goniopoda,  are  also  found  in 
the  Orthopoda.     T  am  not  concerned  to  inquire  how  far  this  criticism 
invalidates  Cope's"  nomenclature,  which  does   not  rest  wholly  upon 
tarsal  characters  for  definition ;  but  it  may  be  remarked  that  Professor 
Marsh  subsequently  obtained  specimens  which  proved  that  there  are 
many  Dinosaurs  in  which  the  astragalus  does  not  embrace  the  tibia. 
In  place  of  Cope's  three  orders  Professor  Huxley  offered  a  classifica- 
tion founded  upon  characters  of  the  teeth,  mandible,  ilium,  femur,  and 
the  absence  or  presence  of  dermal  armour.     He  divided  the  order 
Dinosauria  into    three    groups   or   families,   named    Megalosauridce, 
Scelidosaurido'y  and  Ljuanodonfidos.      And  it  was  farther  proposed  to 
unite  these  families  with  Compsognathus  into  an  order,  Ornithoscelida 
(*Geol.  Soc.  Quart.  Journ.,'  vol.  26,  February,  1870).     The  characters 
used    for   its   definition   are    different    from    those    relied  upon   by 
Cope.     The  Megalosauridre  is  co-extensive  with  the  Goniopoda.     The 
Orthopoda  is  subdivided,  chiefly  on  details  of  tooth  character  and  the 
presence  of  dermal  armour  in  the  ScelidosauridaB,  and  its  supposed 
absence   in   the   Iguanodontidse ;   but  the  grounds   for   the   division 
became   less   evident  when   Mr.   Hulke   found    dermal  armour  well 
developed  in  his  Iguanodon  Seelyi  (*  Geol.  Soc.  Quart.  Journ.,'  vol.  38, 
p.  144,  May,  1882). 

Subsequently  Professor  Marsh,  in  a  series  of  memoirs  dating  from 
2878  to  1884i,  proposed  to  divide  the  Dinosauria  into  four  orders  and 
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three  Bnb-orders.  The  characters  used  in  the  classification  are  drawn 
from  all  parts  of  the  skeleton.  The  chief  orders  are  the  Sauropoda^ 
compriAing  the  allies  of  Cetiosaums ;  the  Stegosaurlay  which  includes 
the  allies  of  Scelidosaarns ;  the  Omitlwpoda^  formed  for  the  allies  of 
Igpianodon;  and  the  Theropoda,  which  inclades  genera  related  to 
Megalosaarus.  The  sub-orders  grouped  under  the  Theropoda  are 
named  from  their  typical  genera  Coeluria  and  CompsogruUha,  The 
chief  difference  of  Marsh's  system  from  that  of  Huxley  is  that  he 
separated  the  allies  of  Cetiosaurus  from  the  Iguanodontidie  to  form 
the  type  of  a  primary  division  of  the  group,  as  I  had  suggested  ('  Geol. 
Soc.  Quart.  Journ.,'  vol.  30,  1874,  p.  690),  and  named  it  Sauropoda. 
Otherwise  the  Theropoda  is  identical  with  the  Megalosauridae ;  the 
Omithopoda  is  the  IguanodontidsB  similarly  re-named  ;  while  the 
Stegosanria  is  the  ScelidosauridsB  of  Huxley,  enlarged  like  the 
other  g^ups  by  Professor  Marsh's  admirable  discoveries,  and  re- 
named. 

The  characters  on  which  these  animals  should  be  classified  are,  I 
snbmit,  those  which  pervade  the  several  parts  of  the  skeleton,  and 
exhibit  some  diversity  among  the  associated  animal  types.  The  pelvis 
is  perhaps  more  typical  of  these  animals  than  any  other  part  of 
the  skeleton,  and  should  be  a  prime  element  in  classification.  The 
presence  or  absence  of  the  pneumatic  condition  of  the  vertebrae  is  an 
important  structural  difPerence.  Differences  in  the  construction  of  the 
base  of  the  skull  are  indicative  of  affinities.  The  presence  or  absence 
of  armour  is  less  important,  since  it  may  show  all  grades  of  develop- 
ment from  the  perfect  shield  of  Polacanthus  to  small  granules  in  the 
skin  ;  and  the  condition  of  the  tarsus  seems  to  me  likely  to  be 
influenced  by  the  habits  of  life  of  the  animals.  Yet  the  more  general 
of  these  characters  are  morphologically  preferable  to  slight  differences 
in  dental  character,  or  digitigrade  or  plantigrade  progression,  or 
number  of  digits,  or  relative  size  of  limbs.  Many  of  the  characters 
hitherto  regarded  as  ordinal  seem  to  me  rather  of  a  nature  to 
distinguish  families. 

The  ilium  at  first  sight  has  the  aspect  of  a  distinctive  character  of 
the  whole  group,  and  has  been  regarded  as  Avian,  because  it  extends 
both  in  front  of  the  acetabulum  and  behind  it.  This  character  is 
common  to  birds ;  but  it  is  also  shared  by  the  Omithosauria,  and  to 
some  extent  by  the  Anomodontia.  Hence  this  condition  of  the  ilium 
does  not  necessarily  imply  that  the  Dinosauria  is  a  homogeneous 
group.  Professor  Cope  pointed  out  two  distinct  types  of  ilium 
which  he  regarded  as  ordinal.  First,  there  is  the  ilium  which  is 
prolonged  forward  as  a  more  or  less  narrow  process  which  is  typically 
seen  in  Iguanodon  and  less  typically  in  Scelidosaurus.  Secondly, 
there  is  the  ilium  which  has  its  anterior  process  developed  into  a 
vertical  plate.     The  bone  varies  a  little  in  shape  in  everj  ^ew\v?^,\5iM\.\ 
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see  no  reason  to  doubt  that  these  two  types  of  iliac  bones  are  available 
for  purposes  of  classification. 

The  pubes  also  present  two  types.  First  there  are  genera  in  which 
the  bones  are  directed  anteriorly  and  meet  by  a  median  symphysis, 
and  have  no  posterior  extension  except  for  the  proximal  symphysis 
with  the  ischium.  This  type  is  represented  by  Cetiosaums, 
Ornithopsis,  Megalosaurus,  and  many  genera  figurea  by  Professor 
Marsh.  The  second  form  of  pubis  has  one  limb  which  is  directed 
backward  parallel  to  the  ischium,  and  another  limb  directed  forward. 
It  is  typically  seen  in  Omosaurus  and  in  Iguanodon.  There  are  many 
variations  in  stoutness  and  details  of  form  of  the  bones,  but  so 
far  as  I  am  aware  these  two  plans  comprise  all  the  Dinosanrian 
genera. 

So  far  as  can  be  ascertained  by  comparison  of  figures  and  specimens, 


Steg08auria. 


Omithopoda. 


Stegosaurut, 


Camplonotui. 


Theropoda. 


Saiu-opoda. 


Ailosaurut. 


Morofaunu. 


1887,]  of  Animals  commonly  named  Dinosauria.  169 

ihere  is  no  important  difference  of  plan  in  the  pelvis  between  the 
animals  which  have  been  referred  to  the  order  Stegosauria  and  those 
referred  to  the  order  Ornithopoda ;  and  similarly,  the  plan  of 
constmction  of  fche  pelvis  is  essentially  the  same  in  the  animals  on 
¥rhich  have  been  founded  the  orders  Sauropoda  and  Theropoda.  But 
there  is  as  marked  a  difference  between  these  two  pelvic  typos  as  can 
be  found  in  any  part  of  the  animal  kingdom.  These  resemblances 
and  differences  are  shown  in  the  figures,  which  are  copied  from  type 
genera  of  Professor  Marsh's  four  orders. 

The  evidence  concerning  the  penetration  of  air  cells  into  the 
vertebrae  has  been  less  fully  brought  forward.  But  in  the  known 
genera  which  have  been  referred  to  the  Stegosauria,  the  vertebrae  are 
8olid,  and  the  'like  condition  obtains  in  all  the  genera  of  Ornithopoda. 
The  genera  in  Professor  Marsh's  list  which  are  thus  united  are 
Stegosaurus,  Diracodon,  Omosaurus,  Scelidosaurus,  Acauthopholis, 
Crateeoraus,  Hyloeosaurus,  and  Polacanthns,  with  Camptonotus, 
Laosanrus,  Nanosaurus,  Hypsilophodon,  Iguanodon,  Vectisaunis, 
Hadrosaurus,  Agathaumus  and  Cionodon. 

On  the  other  hand,  the  precaudal  vertebrae  of  Sauropoda  are  more 
or  less  hollow.  This  hollowness  may  amount  to  perfect  excavation 
which  leaves  only  an  external  investing  film  with  a  longitudinal 
median  septum,  or  it  may  include  a  multitude  of  internal  cells,  or  it 
may  be  limited  to  a  pair  of  shallow  impressed  pits  on  the  sides  of  the 
centrum.  One  of  the  characters  hy  which  Professor  Marsh  defines 
the  Theropoda  is :  "  vertebi-ae  more  or  less  cavernous.'*  The  animals 
included  in  the  group  appear  to  differ  greatly  in  this  condition.  I 
have  no  evidence  of  presacral  vertebrae  of  Megalosaurus  being 
chambered,  and  the  chambered  condition  of  the  caudal  vertebrae  rests 
npon  a  few  specimens  such  as  the  types  of  Poikilopleuron.  Professor 
Cope  mentions  that  the  tissue  of  the  sacral  vertebrae  of  Laelaps  is  so 
coarse  as  to  resemble  a  mass  of  borings  of  the  Teredo,  but  still  the 
demonstration  of  the  pneumatic  condition  has  not  been  made.  Nor  is 
the  evidence  clearer  with  regard  to  Zanclodon.  Professor  Marsh 
iignres  deep  pits  in  the  sides  of  the  dorsal  vertebrae  of  Creosaurus.  In 
Ceratosaurus,  Marsh  observes  that  all  the  presacral  vertebrae  are  very 
hollow,  and  this  is  also  true  of  the  anterior  caudals.  The  same 
condition  is  described  in  the  cervical  vertebrae  of  Labrosaurus,  though 
the  external  foramina  are  small,  while  the  Coeluria,  if  included  in 
the  order,  would  show  a  vertebral  condition  more  perfectly  pneumatic 
than  in  any  of  the  Sauropoda.  Hence,  as  the  chambered  condition  of 
vertebrae  is  developed  in  most  of  the  types  of  the  group,  it  is  possible 
that  its  absence  in  genera  in  which  it  is  unrecorded  may  be  due  to  the 
small  size  of  the  foramina  having  failed  to  indicate  its  existence,  or  to 
the  air-cells  having  been  so  slightly  developed  that  they  did  not 
penetrate  the  bones,  as  is  the  case  with  penguins  among  birds,    Bvv.t, 
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the  development  of  the  pnenmatic  condition  is  sufficiently  general 
among  Sanropoda  and  Theropoda,  to  show  that  these  gproups  are 
united  together  by  a  character  which  separates  them  from  Stegosauria 
and  Omithopoda.  It  is  not  possible  to  form  an  opinion  as  to  the 
inference  which  should  be  drawn  from  this  character  concerning  the 
vital  organisation  of  the  animals  in  which  it  is  found.  For,  mauj 
of  the  armoui*ed  genera  have  the  neural  arch  much  extended  yerti- 
cally,  in  the  dorsal  region,  showing  that  the  lungs  were  greatly 
developed.  But  since  the  difference  in  height  between  the  carapaces 
of  flat-shelled  Emydian  Chelonians  and  Tortoises,  is  chiefly  due  to 
differences  in  the  volume  of  the  lungs,  it  is  quite  possible  that 
considerable  variations  in  osteological  character  may  occur  in  the 
vertebrsB,  without  much  difference  in  the  vital  organ  which  produces 
the  change.  On  the  other  hand  it  must  be  remembered  that  among 
existing  animals,  the  pneumatic  skeleton  is  only  found  in  birds. 

Of  late  years  the  Dinosaurian  skull  has  become  well  known. 
Mr.  J.  W.  Hulko,  F.R.S.,  described  the  brain-case  of  Iguanodon  in  1871 
(*  Geol.  Soc.  Quart.  Journ,,*  vol.  27,  p.  199),  and  in  1874 1  described  the 
base  of  a  cranium  ( *  GeoL  Soc.  Quart.  Joum.,'  vol.  30,  p.  690)  which 
was  named  Craterosaurus  Fottoriensis,  In  the  former  the  brain-case  is 
closed  in  front,  and  the  basi^sphenoid  has  a  comparatively  slight 
downward  development,  while  in  the  latter  the  base  of  the  skull  is 
much  more  like  that  of  Hatteria  than  it  is  like  Iguanodon.  These 
types  include  so  far  as  the  evidence  goes  all  the  forms  of  skull  hitherto 
discovered.  On  the  plan  of  Iguanodon  are  shaped  the  skulls  of 
Hypsilophodon  aud  apparently  Diclonius,  while  the  skulls  of 
Diplodocus  and  Ceratosaurns  have  much  in  common  with  Ci'atero- 
sanrus  in  having  the  deep  pituitary  depression,  the  anterior  part  of 
the  brain-case  open,  &c.  The  evidence  concerning  the  sknll  is  very 
imperfectly  known,  but,  so  far  as  it  goes,  points  in  the  same  direction 
as  the  other  characters  in  indicating  that  there  are  probably  only  two 
types  in  the  group.  Any  classification  must  necessarily  be  provisional 
until  the  skulls  and  skeletons  which  exist  are  adequately  described. 
The  considerations  adduced  appear,  however,  to  show  that  the 
Dinosauria  has  no  existence  as  a  natural  group  of  animals,  but  inclndes 
two  distinct  types  of  animal  structure  with  technical  characters  in 
common,  which  show  their  descent  from  a  common  ancestry  rather 
than  their  close  affinity.  These  two  orders  of  animals  may  be 
conveniently  named  the  Omithischia*  and  the  Saurischia,  and  defined 
by  the  following  characters. 

Omiihischia, 

In  this  order  the  ventral  border  of  the  pubic  bone  is  divided,  so  that 
one  limb  is  directed  backward  parallel  to  the  ischium  as  among  birds, 

•  "  Ischia  "  is  used  bj  Aristotle  for  the  pelvis. 
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and  the  other  limb  is  directed  forward.  Neither  of  these  limbs  of  the 
pabis  appears  to  form  a  median  symphysis.  The  ilium  is  prolonged 
in  front  of  the  acetabalam  as  a  more  or  less  slender  process  or  bar. 
The  YcrtebrsB  are  solid,  and  the  skeleton  is  not  pueumatic.  The 
basi-cranial  structure  is  distinctiye,  differing  from  that  of  Crocodiles 
and  Lizards.  The  body  and  limbs  are  frequently  covered  with  scutes 
which  may  form  a  complete  shield  or  be  reduced  so  as  to  be  unrecognis- 
able.    The  digits  vary  from  three  to  five. 

Saurtschia, 

In  this  order  the  pubis  is  directed  forward  from  its  symphysis  with 
the  ischium,  and  no  posterior  limb  of  the  bone  is  developed.  Both 
pubis  and  ischium  appear  to  meet  by  a  median  symphysis,  so  that  the 
arrangement  and  j*elations  of  the  bones  are  Lacertilian.  The  anterior 
prolongation  of  the  ilium  has  a  vertical  expansion.  The  vertebrsB  are 
more  or  less  pneumatic  or  cavernous ;  and  in  the  dorsal  region  the 
neural  arch  is  commonly  elevated.  The  basi-cranial  structure  is  sub- 
lacertilian.  No  armour  has  been  found.  The  digits  vary  in  number 
from  three  to  five. 

I  see  no  ground  for  associating  these  two  orders  in  one  group, 
unless  that  group  includes  Birds,  Crocodiles,  Anomodonts,  and  Omi- 
thosaurs ;  for  differences  of  pelvic  structure  have  been  as  persistently 
inherited  as  anv  condition  of  the  vertebrate  skeleton. 


The  classification  may  be  summarised  in  the  following  table : — 


t    Cope,  1866.    j   Huxley,  1870. 

Seclcjr,  1874. 

Marsh,  1878-84. 

Cope,  188J.          Seeley,  1887. 

Orders. 
Orthopoda  ... 

Goniopoda    .. 
Symphopoda 

Families. 

f  Scelidofiauridae 
'( IguaaoduniiUo; 

Mfgalosaurida^ 
Conipsognatiia 

Order. 

•  •• 

•  •• 

Cetiosauria ... 

•  •• 
•*• 

Orden. 

Stegosauria  ... 
Onuthopoda ... 
Sauropoda     .. 

i  Ttieropoda    ... 

Orders. 

■  Orthopoda 
OpinthoccBla*    ... 
Gtoniopoda 
Uallopoda. 

Orders. 
Oroithischia. 

j  Saurischia. 

*  Sir  Bichard  Owen  grouped  Cetiosaurus  and  Streptospondylus  in  an  extinct 
•ub-order  of  CrooodUia  named  Opisthocoela  in  1859  ;  while  Megalosaurus  and 
Iguanodon  were  united  to  form  the  Dinosauria  in  1841.  This  is  the  eorUest  and 
mo0t  definite  reference  of  these  animals  to  separate  ordinal  groups. 
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II.  "  Researches  on  the  Structure,  Organisation,  and  Classifica- 
tion ot  the  Fossil  Reptilia.  Part  III.  On  Parts  of  the 
Skeleton  of  a  Mammal  from  Triassic  Rocks  of  Klipfontein, 
Fraserberg,  South  Africa  {Theriodesmus  phylarchxiSj  Seeley), 
illustrating  the  Reptilian  Inheritance  in  the  Mammalian 
Hand."'  By  H.  G.  Seeley,  F.R.S.,  Professor  of  Geography 
in  King's  College,  London.     Received  October  24,  1887. 

(Abstract.) 

The  author  describes  a  slab  showing  impressions  of  i>he  fore-limb 
and  some  other  bones  of  the  skeleton,  which  indicate  a  plantigrade 
animal  as  large  as  a  wolverine.  Its  general  affinities  are  with  flesh- 
eating  types.  The  humeras  approximates  to  that  of  Thylacinus.  The 
nlna  and  radius  at  their  proximal  ends  are  like  those  of  Lemuroids 
and  Carnivores,  but  the  forms  of  the  distal  articulations  are  different. 
The  carpus  appears  to  include  three  central  bones.  Part  of  one  of 
the  digits  appears  to  have  heen  lost  and  renewed.  The  animal  is 
regarded  as  a  primitive  type  which  cannot  be  placed  in  any  ordinal 
group  which  has  been  defined. 


III.  "  Further  Contributions  to  the  Metallurgy  of  Bismuth."  By 
Edward  Matthey,  F.S.A.,  F.C.8.,  Assoc.  Roy.  Sch.  Mines. 
Communicated  by  Professor  G.  G.  Stokes,  P.R.S.  Re- 
ceived October  20,  1887. 

§  3.  BiifiHuth :  its  Separation  from  Copper. — In  the  paper  upon  this 
interesting  metal,  which  I  had  the  honour  of  bringing  under  the 
notice  of  the  Royal  Society  in  February  last,  I  referred  to  the  difli- 
culties  with  which  the  treatment  of  bismuth  is  surrounded  when 
associated  with  other  metals — by  any  very  rapid  or  compi-ehensive 
process. 

During  the  conduct  of  my  operations  in  the  reduction  of  bismuth 
from  its  ores,  and  its  subsequent  refining,  I  have  frequently  found 
this  metal  to  contain  a  small  proportion  of  copper,  an  element  most 
detrimental  even  in  small  traces,  and  hitherto  I  believe,  only  elimi- 
nated by  a  wet  process,  costly  in  practice  and  tedious  in  operation. 
It  is  necessary  by  such  method  to  dissolve  up  the  whole  of  the  alloy 
and  precipitate  the  bismuth  in  the  usual  manner — a  bulky  operation, 
and  one  requiring  a  considerable  amount  of  time.  It  became  therefore 
advisable,  in  order  to  treat  cupreous  bismuth  rapidly  and  upon  a 
commercial  scale,  to  effect  this  separation,  if  possible,  by  means  of 
a  dry  process. 

In  thia  I  have  succeeded. 
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Having  observed,  in  conducting  experiments  with  bismnth  and  its 
salpliides,  that  sulphide  of  bismuth  becomes  very  easily  impregnated 
vrith  copper,  I  made  the  simple  experiment  of  fusing  the  cupreous 
bismuth  with  bismuth  sulphide,  and  found  it  possible  by  this  means 
to  remove  every  trace  of  copper,  the  sulphur  readily  combining  with 
the  metallic  copper. 

In  this  absorption  a  proportion  of  bismuth  is  reduced  equivalent 
to  the  amount  of  copper  taken  up  in  the  operation. 

The  residual  bismuth  and  copper  sulphides  thus  produced  amount 
to  but  a  small  proportion  in  comparison  with  the  quantity  of  alloy 
treated,  and  the  bismuth  is  readily  recovered  by  subsequent  reduction 
and  refusion. 

Large  quantities  of  alloy  can  be  treated  at  one  operation,  and 
the  bismuth  so  freed  from  copper  is  available  for  commercial 
purposes.  I  have  found  it  better,  when  bismuth  is  associated  with 
other  metals,  such  as  arsenic,  antimony,  lead,  tellurium,  <&c.,  as  well 
as  with  copper,  to  separate  all  these  metals  (see  former  papers) 
before  attempting  to  remove  the  copper  by  the  foregoing  method. 

The  operation  has  been  conducted  successfully  upon  many 
thousands  of  pounds  of  similar  alloy,  and  the  following  figures  will 
show  the  results  obtained  in  one  case,  as  an  example : — 

Weight  of  cupreous  bismuth  treated  =  314  lbs.  containing  010  per 
cent,  of  copper,  equal  to  approximately  0*3  lb. 

From  the  operation  described  I  obtained  of  bismuth  Ihs. 

free  from  copper    282 

Of  bismuth  subsequently  reduced  and  refined  from  the 

skimmings 29'9 

And  bismuth  left  in  residues  for  further  treatment  with 

larger  quantities  (by  determination) 2 

313-9 

lb. 
CJopper  from  the  skimmings    0  2 

Copper  left  in  residues 01 

0-3  lb. 

Thus  the  whole  of  the  copper  and  of  the  bismuth,  within  a  small 
fraction,  is  accounted  for,  the  latter  being  obtained  as  commercially 
pure  bismuth  and  wholly  free  from  copper. 

As  the  above  operation  shows,  the  first  separation  frees  90  per  cent. 
of  the  bismuth  ai  once  from  the  copper  associated  with  it. 

It  may  be  as  well  to  state  that  I  have  effected  complete  separation 
with  bismuth  containing  proportions  of  copper  varying  from  one- 
tenth  of  1  per  cent,  to  1  per  cent,  by  the  above  process* 
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IV.  **  On  the  Motion  of  a  Sphere  in  a  Viscous  Liquid."  By  A.  B. 
Basset,  M.A.  Communicated  by  Lord  Rayleigh,  D.C.L., 
Sec.  R.S.     Received  November  10,  1887. 

(Abstract.) 

The  determination  of  the  small  oscillations  and  steady  motion  of  a 
sphere  which  is  immersed  in  a  viscons  liqaid,  and  which  is  moving  in 
a  straight  line,  was  first  effected  by  Professor  Stokes  in  his  well- 
known  memoir  "  On  the  Effect  of  the  Internal  Friction  of  Fluids  on 
the  Motion  of  Pendulums;"*  and  in  the  appendix  he  also  determines 
the  steady  motion  of  a  sphei*e  which  is  rotating  about  a  fixed  diameter. 
The  same  subject  has  also  been  subsequently  considered  by  Helmholtz 
and  other  German  writers ;  but,  so  far  as  I  have  been  able  to  discover, 
very  little  appears  to  have  been  effected  with  respect  to  the  solution  of 
problems  in  which  a  solid  body  is  set  in  motion  in  a  viscous  liquid  in 
any  given  manner,  and  then  left  to  itself. 

In  the  present  paper  1  have  endeavoured  to  determine  the  motion 
of  a  sphere  which  is  projected  vertically  upwards  or  downwards  with 
given  velocity,  and  allowed  to  ascend  or  descend  under  the  action  of 
gravity  (or  any  constant  force),  and  which  is  surrounded  by  a  viscous 
liquid  of  unlimited  extent,  which  is  initially  at  rest  excepting  so  ^r  as 
it  is  disturbed  by  the  initial  motion  of  the  sphere. 

In  solving  this  problem,  mathematical  difficulties  have  compelled 
me  to  neglect  the  squares  and  products  of  velocities,  and  quantities 
depending  thereon,  which  involves  the  assumption  that  the  velocity  of 
the  sphere  is  always  small  throughout  the  motion ;  and  1  have  also 
jwsumed  that  no  slipping  takes  place  at  the  surface  of  the  sphere. 
The  problem  is  thus  reduced  to  obtaining  a  suitable  solution  of  the 
differential  equation 

^  iP      9\u0  d  f  ^  f A 

where  D   =   -=-:H t;;!  cosec^-r;- 1- 

dr^        r     dO\  dOj 

^  is  Stokes's  current  function,  and  /i  is  the  kinematic  coefficient  of 
viscosity.  The  required  solution  is  obtained  in  the  form  of  a  definite 
integral  by  a  method  similar  to  that  employed  by  Fourier  in  solving 
analogous  problems  in  the  conduction  of  heat ;  the  resistance  expe- 
rienced by  the  sphere  is  then  calculated,  and  the  equation  of  motion 
written  down  and  integrated  by  successive  approximation  on  the  sup- 
position that  /i  is  a  small  quantity.  The  values  of  the  acceleration 
and  velocity  of  the  sphere  to  a  third  approximation  are  found  to  be 
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,  =  {(l-.-)  +  Y.--/A.a  ^^{(^  +  ,-00(0-4'} 


where 

/ rT~rr»  ''^  —  tit: 


^+i/' 


a^(2a+^) 


,      \   =    ICfl,       0(/)    =  €-^^(^-t)-Wt, 

•'o 


P  being  the  density  of  the  liquid,  <r  that  of  the  sphere,  and  a  its 
radins. 

It  thas  appears  that  after  a  very  long  time  has  elapsed,  the  accelera- 
tion will  vanish  and  the  motion  will  become  steady.  The  terminal 
velocity  of  the  sphere  Ls  /X~i,  which  is  seen  to  agi-ee  with  Professor 
Stokes's  result. 

If  the  sphere  were  projected  with  velocity  V,  and  compelled  by 
means  of  frictionless  constraint  to  move  in  a  horizontal  straight  line, 
the  values  of  the  acceleration  and  velocity  would  be  obtained  from  the 
preceding  formulee  by  expunging  the  terms  /e"^^  /^~^(1— «""^)»  in 
the  expressions  for  v  and  t;  respectively,  and  then  changing  /  into 
-VX. 

The  preceding  results  can  only  be  regarded  as  a  somewhat  rough 
representation  of  the  actual  motion,  for  (i)  the  square  of  the  velocity 
has  been  neglected ;  (ii)  no  account  has  been  taken  of  the  possibility  of 
hollow  spaces  being  formed  in  the  liquid ;  (iii)  if  the  velocity  of  the 
sphere  became  large,  the  amount  of  heat  developed  would  be  sufficient 
to  vaporise  the  liquid  in  the  immediate  neighbourhood  of  the  sphere, 
and  the  circumstances  of  the  problem  would  be  materially  changed. 

In  the  latter  part  of  the  paper  I  have  considered  the  problem  of  a 
sphere,  surrounded  by  a  viscous  liquid,  which  is  set  in  rotation  with 
given  angular  velocity,  Q,  about  a  fixed  diameter,  and  similar  results 
are  obtained.  To  a  fii-st  approximation  the  angular  velocity  is  equal 
to  Qe-^,  where  \  is  a  positive  constant,  which  shows  that  the  motion 
ultimately  dies  away. 
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V.  **  On  the  Direct  Application  of  First  Principles  in  the  Theory 
of  Partial  Differential  Equations."  By  J.  Larmor,  M.A., 
Fellow  of  St.  John's  College,  Cambridge.  Communicated 
by  Lord  Rayleigh,  D.C.L.,  Sec.  R.S.  Received  November 
8,  1887. 

(Abstract.) 

If  an  equation  involving  total  differentials  of  any  number  of 
valuables  can  be  expressed  in  the  form — 

^u-^-ff  dv  =  0, 

where  u,  v  are  any  fnnctions  of  the  variables,  then  the  only  situjle 
integral  algebraic  relations  that  are  consistent  with  it  are  included 
under  the  form — 

u  =  0(v). 

When  the  form  of  a  is  assiprned,  the  functional  symbol  0  is  to  be 
chosen,  if  possible,  so  as  to  agree  with  that  form ;  and  if  this  is  not 
possible,  then  the  equation  has  no  integral  expressible  as  a  single  rela- 
tion. This  statement  holds  because  the  equation  expresses  a  particu- 
lar case  of  the  proposition  that  if  <5m=0,  then  5r=0,  and  conversely, 
/.e.,  that  u  remains  constant  (does  not  var}')  when  v  is  constant,  and 
only  then,  whatever  be  the  particular  values  assigned  to  the  variables  : 
but  this  is  simply  the  definition  of  the  algebraic  idea  of  function- 
ality. 

If,  however,  <t  involve  differentials,  the  altei-native  5tt=0  when  tr^O 
may  lead  to  integrals  of  a  new  type. 

In  the  sanje  way,  an  equation  of  the  form— ^ 

must  have  all  its  single  integrals  included  under  the  form^ 

u  =  0(i;,  w), 

where  the  form  of  0  is  to  be  chosen  so  as  to  agree  with  the  expres- 
sions for  «r|,  o-gi  when  these  are  assigned. 

When  no  single  integral  exists,  equations  of  this  type  may  be  satis- 
fied by  two  simultaneous  integral  relations,  one  of  which  may  be 
arbitrarily  assumed,  as  originally  pointed  out  by  Monge.  This  kind 
of  exception,  however,  need  not  trouble  us  when  partial  differential 
coefficients  are  concerned ;  for  these  implicitly  assume  the  existence  of 
a  single  relation  connecting  the  dependent  variable  with  the  inde- 
pendent ones. 

Traces  of  this  idea  ai^e  to  be  found  throughout  the  writings  of  Boole 
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— and  of  Monge  long  previonslj.  In  this  paper  it  is  applied,  first  to 
the  non-analytical  exposition  of  the  differential  criteria  of  algebraic 
functionality  given  by  Jacobi,  and  then  to  the  discassion  in  a  similar 
manner  of  the  theory  of  partial  diffcreutial  equations  of  the  first  and 
second  order,  particularly  those  named  after  Lagrange,  Monge,  and 
Ampere. 


VI.  *•  On  the  Power  of  Contractility  exhibited  by  the  Proto- 
plasm of  certain  Plant  Cells."  (Preliminary  Communi- 
cation.) By  Walter  Gardiner,  M.A.,  Fellow  of  Clare 
College,  Cambridge,  Demonstrator  of  Botany  in  the  Uni- 
versity. Communicated  by  Prof.  M.  Foster,  Sec.  R.S. 
Received  November  21,  1887. 

In  a  former  communication  (*  Roy.  Soc.  Proc.,'  No.  240,  1886), 
some  account  was  given  of  the  principal  changes  which  take  place 
in  the  gland  cells  and  stalk  cells  of  Drosera  dichotoma  during  secre- 
tion. The  present  paper  deals  with  certain  experiments  and  observa- 
tions which  were  undertaken  in  order  to  attempt  to  ascertain  by 
what  mechanism  the  bending  of  the  tentacles  is  made  possible  in 
Drosera^  and  what  changes  occur  in  the  tentacle  cells. 

During  actual  movement  no  obvious  histological  changes  can  \>e 
detected  in  the  cells  of  the  bending  portion,  but  when  the  tentacle 
has  become  well  inflected,  it  becomes  apparent  that  the  cells  of  the 
convex  side  become  more,  and  those  of  the  concave  less  turgid  than 
before.  Some  time  after  stimulation,  and  when  the  period  of  aggre- 
^tion  has  set  in,  it  can  be  observed  that  the  cells  of  the  convex  side 
are  less  aggregated  than  those  of  the  concave.  Having  ascertained 
that  of  the  dye  solutions,  eosin,  and  of  salts,  the  salts  of  ammonia, 
are  readily  sucked  np  into  the  tissue,  it  was  further  noticed  that  in 
stimulated  tentacles  the  cells  of  the  convex  side  readily  allow  the 
solutions  to  penetrate,  while  those  of  the  concave  are  only  penetrated 
with  great  difficulty.  Thus  in  the  case  of  a  stimulated  tentacle 
treated  with  eosin,  the  convex  cells  are  stained  long  before  the  con- 
cave, and  with  ammonic  carbonate  the  tannin  of  the  convex  cells  may 
be  precipitated  while  the  concave  cells  reniain  normal,  or  the  convex 
cells  may  even  be  killed  while  the  concave  cells  remain  alive.  Thus 
after  stimulation  certain  changes  have  occurred  in  the  concave  cells 
of  the  bending  portion,  and  one  result  of  this  change  is  an  increased 
impenetrability  of  the  primordial  utricle.  In  my  former  paper  I 
have  shown  that  the  tentacle  cells  of  I>ro8era  are  very  sensitive  to 
contact,  for  if  the  gland  cells  be  slightly  crushed,  all  movement  of  the 
stalk  cells  ceases  for  a  time,  and  the  spindle-shaped  rhabdoid  contracts 
and  tends  to  become  spherical.     Bearing  in  mind  also  the  very  pro- 
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nounced  inflection  which  is  occaBioned  bj  the  stimnlns  of  contact  or 
food,  by  electrical  stimnlns  or,  as  Darwin  has  shown,  by  the  stimnlns 
of  temperatnre,  one  is  led  to  nsk  whether  these  phenomena  are  sot 
associated  with  true  contractility,  and  whether  the  increased  impene- 
trability of  the  protoplasm  of  the  concave  cells  is  not  occasioned  bj 
a  definite  contraction  of  the  primordial  ntricle  and  a  consequent 
decrease  in  the  size  of  the  molecular  pores. 

Experiments  w^ere  then  made  upon  the  pulvinus  of  Mimosa  pvdica. 
Small  pieces  of  stem  (bearing  leaves)  were  cut  under  a  watery  solution 
of  eosin,  and  the  pulvini  were  maintained  in  a  state  of  stimulation. 
When  the  eosin  had  sufficiently  penetrated,  transverse  and  longi- 
tudinal sections  of  the  pulvinus  were  made  and  examined.  It  was 
then  seen  that  the  dye  had  readily  penetrated  into  and  stained  the 
protoplasm  of  the  outer  cells  of  the  convex  side  of  the  pulvinus, 
while  on  the  concave  side  no  staining  whatever,  of  that  tract  of  cells 
situated  towards  the  more  external  portion,  which  especially  play  an 
active  part  in  movement,  had  taken  place.  The  more  indifferent  cells 
immediately  surrounding  the  vascular  bundle  also  show  some  contrast 
in  coloration,  for  in  the  upper  half  this  tissue  remains  unstained, 
while  in  the  lower  half  some  staining  occurs.  Thus  by  the  process  of 
staining  the  seat  of  the  especially  irritable  tissue  was  clearly  brong^lit 
into  view.  The  author  now  commenced  electrical  experiments  with 
the  pulvini.  Two  small  pins  (which  were  found  not  to  injure  the 
tissue  to  any  appreciable  extent)  were  inserted  into  the  irritable  tissue 
— one  at  each  end,  and  fine  wires  from  these  pins  communicated  to 
the  various  electrical  apparatus  as  required.  When  suitably  stimulated 
with  either  a  constant  current,  an  induction  shock,  or  a  tetanising 
shock,  the  leaf  fell  immediately  contact  was  made.  With  the  single 
induction  shock  the  breaking  shock  was  found  to  be  a  stronger  stimuliu 
than  the  making.  A  small  piece  of  stem  with  the  pulvinus  attached — 
the  lamina  and  a  portion  of  the  petiole  of  the  leaf  having  been  pre- 
viously removed — was  attached  to  a  lever  which  wrote  upon  a  revolving 
drum.  On  throwing  in  the  electrical  stimulus  the  pulvinus  contracted 
and  a  curve  was  obtained.  The  pulvinus  was  then  turned  upside  down 
and,  after  recovery,  was  again  stimulated  and  a  second  curve  obtained. 
In  both  instances  the  pulvinus  raised  a  weight  greater  thaai  that  of  the 
leaf  and  leaf  stalk.  These  expeiiments  for  the  most  part  only  con- 
firmed those  of  Cohn  and  Kabsch,  except  that  they  were  carried  out 
in  further  detail ;  but  one  new  and  important  observation  was  made, 
viz.,  that  under  the  influence  of  a  feeble  tetanising  current  the  period 
of  recovery  of  the  pulvinus  could  be  materially  shortened,  and  the 
leaf  could  be  induced  to  assume  the  position  before  stimulation  in 
less  time  than  it  would  have  taken  under  ordinary  circumstances. 
The  wonderful  delicacy  with  which  the  irritable  cells  of  the  pulvinus 
;a^  once  reply  to  stimulation,  the  fact  that  in  their  reaction  to  the 
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stimaliis  of  electricity  thej  obey  the  same  laws  as  animal  mascle,  and, 
like  certain  muscles,  may  also  be  relaxed  by  a  feeble  tetanising  current, 
fi^  far  to  suggest  that  in  dealing  with  the  movements  of  the  pnl- 
▼inas  of  Miniosa  we  have  essentially  to  do  with  the  phenomenon  of 
contractility. 

Although  the  foregoing  results  may  be  said  to  favour  the  idea  that 
in  irritable  organs,  movements  are  brought  about  by  a  definite  * 
contraction  of  the  protoplasm  of  the  cells  of  the  irritable  side,  yet  the 
author  felt  that  the  matter  could  only  be  set  at  rest  by  still  further 
strengthening  the  evidence,  and  if  it  were  possible,  by  the  actaal 
obseryation  of  a  cell  contracting  under  the  influence  of  electrical  or 
other  stimulation.  He  therefore  turned  his  attention  to  the  simple 
filamentous  Algae,  and  among  them  to  an  organism  which  he 
believed  would  be  peculiarly  sensitive  to  stimulation,  viz.,  Mesocarptiti 
plewrocarpus.  The  filaments  consisting  of  rows  of  cells  were  first 
experimented  upon,  electrically.  A  single  induction  shock  of 
moderate  strength  was  found  to  cause  a  splitting  apart  of  the 
previously  united  transverse  walls  of  the  contiguous  cells  along  the 
middle  lamellae.  In  each  cell,  the  two  end  walls  now  project  inward.s 
towards  the  centre  of  the  cell  in  a  concave  manner,  so  that  between 
each  pair  of  cells  of  the  filament  there  arise  a  series  of  doable  convex 
lenticular  spaces.     The  rupture  does  not  extend  to  the  free  surface. 

With  a  stronger  shock  so  much  contraction  is  prod  need  that  the 
cells  actually  fly  apart  and  a  complete  rupture  is  effected.  The  end 
walls  of  each  cell  are  now  observed  to  be  slightly  convex  instead  of 
concave.  This  is  a  result  of  the  contiuction  of  the  freed  edges  of 
the  external  walls,  which  in  consequence  of  the  rapture  no  longer 
maintain  their  cylindrical  form.  Each  cell  now  resembles  a  cylinder 
with  its  two  ends  somewhat  convex,  and  its  sides  very  slightly 
contracted  in  the  immediate  neighbourhood  of  their  linos,  of  union 
with  the  ends.  As  in  Mimosa  the  breaking  is  a  stronger  stimulus 
than  the  making  shock.  Similar  contraction  is  obtained  with  the 
tetanising  shock  and  with  the  constant  current. 

Sadden  illumination,  sudden  rise  of  temperature  (45 — 50°  C),  and 
the  stimulns  of  certain  poisons,  bring  about  the  contraction  and 
breaking  apart  in  the  most  marked  manner.  Of  the  poisons,  camphor, 
quinine,  strychnine,  physostigmine  and  strong  alcohol  were  found  to  be 
exceedingly  powerful,  with  very  dilute  alcohol  no  obvious  change 
occurred.  The  strongest  plasmolysiug  reagents  did  not  bring  about 
the  rupture  of  the  cells,  but  only  the  partial  separation  of  the  end  wall, 
and  if  the  cells  are  killed  by  boiling  water,  by  iodine,  or  by  very 
dilate  chi'omic  acid  (0*25  per  cent.),  similar  result^  follow.  With 
1  per  cent,  osmic  acid  or  1  per  cent,  chromic  acid  the  cells  may  be 
killed  and  fixed  with  little  or  no  contraction, 

The  results  with  plasmolysis  entirely  agree  with  those  previously 
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obtained  in  the  case  of  Drosera  (lac.  cit.)  :  the  protoplasm  seeming 
to  be  partially  paralysed,  the  whole  of  its  energy  apparently  expended 
in  endeavouring  to  protect  itself  from  the  abnormally  rapid  with- 
drawal of  water.  The  passive  shrinking  produced  by  strong  dehy- 
drating reagents  is  essentially  different  from  the  active  contraction 
arising  from  normal  stimulation,  and  one  may  well  inquire  whether 
•  the  effects  produced  by  plasmolysis  at  all  tally  with  those  vital 
processes  which  actually  take  place  under  ordinary  circumstances  in 
plant  cells. 

The  results  obtained  with  Mesocarpus  demonstrate  that  we  have 
here  a  plant  cell  which  reacts  in  a  most  powerful  manner  to  the 
stimnlus  of  temperatui*e,  of  light,  of  electricity,  and  of  poisons,  and 
that  this  reaction,  which  may  be  watched  under  the  microscope,  is 
attended  by  a  diminution  in  size.  In  the  opinion  of  the  author  such 
a  series  of  reactions  can  only  point  to  one  property  of  the  protoplasm, 
viz.,  that  of  contractility,  and  taking  into  consideration  the  whole  of 
the  observations,  there  appears  to  be  no  doubt  that  the  protoplasm  of 
plant  cells,  like  that  of  animal  cells,  is  capable  of  active  contraction. 
The  author  believes  that  in  all  irritable  organs  the  movements  are 
brought  about  in  consequence  of  a  definite  contraction  of  the  proto- 
plasm of  the  irritable  cells,  and  that  during  such  contraction  some  of 
the  cell  sap  escapes  to  the  exterior.  At  the  same  time  the  elastic  cell 
wall  contracts  pari  passu  with  the  protoplasm.  The  author  has 
already  drawn  attention  to  the  intimate  connexion  between  the  pioto- 
plasm  and  the  wall  (*  Phil.  Trans.,'  1883,  Part  3),  and  has  shown  that 
even  after  pronounced  plasmolysis,  the  ectoplasm  of  the  primordial 
utricle  is  always  connected  to  the  cell  membrane  by  very  numerous 
and  delicate  strands  of  protoplasm.  The  protoplasm  may  be  with- 
drawn from  the  wall  by  a  very  strong  electric  shock,  but  the  normal 
effect  of  a  moderate  stimulus  is  to  cause  the  protoplasm  to  con- 
tract, and  in  certain  cases  pull  upon  its  wall,  while  in  very  turgid 
cells  where  the  cell  wall  is  in  a  state  of  great  tension,  the  wall  for  the 
most  part  simply  contracts  upon  the  protoplasm.  The  escape  of 
liquid  from  the  interior  of  the  cell  is  regarded  as  being  due  to  filtra- 
tion under  pressure.  The  author  is  unable  to  uphold  Pfeffer's  theory 
that  the  sudden  abolition  of  tnrgidity  is  dependent  upon  the  destruc- 
tion of  a  certain  quantity  of  an  osmotically  active  substance.  In  his 
opinion  there  is  in  every  cell  a  sufficient  quantity  of  osmotically 
active  substance  to  ensure  tnrgidity,  but  the  increase  or  decrease 
of  tnrgidity  essentially  depends  on  the  contraction  or  relaxation 
of  the  primordial  utricle.  His  experiments  all  tend  to  show  that 
it  is  the  ectoplasm  which  mainly  determines  the  state  of  tnrgidity  of 
the  cells.  Thus  in  the  tentacle  cells  of  Drosera  the  endoplasm  may 
actually  be  withdrawn  from  the  ectoplasm  by  the  lengthy  action  of 
strong  aolations  of  magnesium  sulphate,  and  although  it  is  almost 
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entirely  collected  around  tlie  nncleuu  at  the  centre  of  the  cell,  the 
latter  still  remains  turgid. 

The  author  is  also  of  opinion  that  de  Yries*  view,  that  the  tnrgiditj 
of  the  cell  is  mainly  dependent  on  the  presence  of  certain  osmotically 
active  substances  in  the  sap,  of  an  acid  nature,  requires  some  further 
qualification,  for  his  own  results  agree  rather  with  those  of  Schwartz, 
since  he  finds  that  turgid  cells  tnaj  possess  either  an  acid  or  an 
alkaline  sap.  Thus,  in  Drosera  itself,  the  cells  of  the  tentacles  have 
an  acid,  and  those  of  the  petals  of  the  flower  an  alkaline  reaction. 

Finally,  the  author  believes  that  the  property  of  contractility, 
which  he  claims  to  have  established  for  the  irritable  cells  of  Drosera 
and  Mimosa,  and  for  the  less  specialised  cells  of  Mesocarptis,  is  a  pro- 
perty which  is  possessed  in  a  greater  or  less  degree  by  all  the  actively 
living  cells  which  constitute  the  tissues  of  plants.  The  important 
bearing  of  these  results  on  all  phenomena  of  movement  and  growth  is 
sufficiently  obvious.  The  author  hopes  to  deal  with  the  matter  in 
fuller  detail  in  a  future  paper. 
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November  30,  1887. 

ANNIVERSARY  MEETING. 

Professor  G.  G.  STOKES,  D.C.L.,  President,  in  the  Chair. 

The  RepoH  of  the  Auditors  of  the  Treasurer's  Accounts  on  the 
part  of  the  Council  was  presented,  by  which  it  appears  that  the  total 
receipts  during  the  past  year,  including  balances  carried  from  the 
preceding  year,  amount  to  £7,691  13«.  6^.  on  the  General  Account, 
and  £14,673  18^.  Zd.  on  account  of  Trust  Funds,  and  that  the  total 
expenditure  in  the  same  period,  including  purchase  of  stock,  amounts 
to  £7,441  78.  2d.  on  the  General  Accoant,  and  £12,937  Is,  4rf.  on 
account  of  Trust  Funds,  leaving  a  balance  on  the  General  Account  of 
£232  Os.  hd.  at  the  Bankers',  and  £18  5«.  l\\d.  in  the  hands  of 
the  Treasurer,  and  on  account  of  Trust  Funds  a  balance  at  the 
Bankers'  of  £1,736  10^.  lid. 

The  thanks  of  the  Society  were  voted  to  the  Treasurer  and  Auditors. 

The  Secretary  then  read  the  following  Lists  : — 

Fellows  deceased  since  the  last  Anniversary  (Nov.  30,  1886). 

On  the  Home  List. 

Hunt,  Robert. 

Hymers,  Rev.  John,  D.D. 

Iddesleigh,  Stafford  Henry  North - 

cote.  Earl  of,  G.C.B. 
Phillips,  John  Arthur,  F.G.S. 


Baxendell,  Joseph,  F.R.A.S. 

Beresford-Hope,  Right  Hon. 
Alexander  James  Beresford, 
LL.D.,  F.S.A. 

Denham,  Sir  Henry  Mangles,  Ad- 
miral. 

Elliot,  Sir  Walter,  K.C.S.I. 

Fox,  Wilson,  M.D. 

Gaskin,  Rev.  Thomas,  M.A. 

Haast,  Sir  John  Francis  Julius 
von,  KC.M.G. 


Quain,  Richard,  F.R.C.S. 
Smythe,  William  James,  General, 

R.A. 
Whatman,  James,  M.A. 
Whitworth,    Sir    Joseph,    Bart., 

LL.D. 
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On  the  Foreign  List. 
Kirchhoff,  Gnfitav  Robert. 

Change  of  Name  and  Title, 

Sclater-Booth,  The  Right  Hon.  George,  to  Lord  Basing  of  Basing- 

Byflete. 


Fellows  elected  since 

Bachanan,  John  Young,  M.A. 
Cash,  John  Theodore,  M.U. 
Douglass,    Sir    James    Nicholas, 

M.I.C.E. 
Ewing,  Prof.  James  Alfred,  B.Sc. 
Forbes,  Professor  George,  M.A. 
Gowers,  William  Richard,  M.D. 
Halsbary,       Hardinge       Stanley 

GifPard,  Lord,  M.A. 
Kennedy,  Professor  Alexander  B. 

W.,  M.I.C.E. 


the  last  Anniversary. 

King,  George,  M.B. 

Kirk,  Sir  John,  M.D. 

Lodge,  Professor   Oliver  Joseph, 

D.Sc. 
Milne,  Professor  John,  F.G.S. 
Pickard-Cambridge,    Rev.    Octa- 

vius,  M.A. 
Snelus,  George  James,  F.C.S. 
Walsingham,  Thomas,  Lord. 
Whitaker,  William,  B.A. 


The  President  then  addressed  the  Society  as  follows : — 


DUBINQ  the  past  year  death  has  removed  from  ns  fifteen  of  our 
Fellows  and  one  Foreign  Member.  It  is  remarkable  that  no  less  than 
six  of  these  had  reached  the  age  which  the  Psalmist  takes  for  the 
extreme  duration  of  human  life,  while  the  average  of  the  whole 
number  exceeds  seventy-five  years.  Within  two  months  after  our 
last  anniversary.  Sir  Joseph  Whitworth  died  at  the  age  of  eighty-four. 
Starting  from  an  humble  beginning,  he  attained  through  his  talent 
and  steady  application  a  commandiug  pusitiou  among  constructors  of 
machinery  and  heavy  ordnance,  and  the  truth  of  surface  and  accuracy 
of  dimensions  of  what  came  from  his  workshop  are  probably  unrivalled. 
Sir  Walter  Elliot,  who  was  still  older,  combined  a  high  official  position 
in  India  with  the  pursuit  of  natural  history,  and  was  the  author  of 
several  papers  in  scientific  serials.  John  Hymers  and  Thomas  Gaskin 
were  mathematicians  well  known  to  Cambridge  men  of  some  standing, 
and  were  both  elected  Fellows  of  our  Society  nearly  half  a  century  ago. 
The  former  was  the  author  of  various  mathematical  text-books,  which 
for  a  long  time  were  those  chiefly  used  in  their  respective  subjects  by 
Cambridge  students  for  mathematical  honours.  The  latter,  once  a 
colleague  of  my  own  in  a  mathematical  honour  examination,  was 
famed  for  his  skill  in  the  solution  of  problems,  though  he  has  not 
left  much  behind  him  in  the  way  of  mathematical  writin^^^  be^oti^  ^^ 
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book  containing  the  solution  of  a  variety  of  problems.  In  Robert 
Hnnt  we  have  lost  an  aged  Fellow  whose  name  is  well  known  in 
connexion  with  the  study  of  the  action  of  light  in  producing  chemical 
changes,  and  on  vegetation.  In  Joseph  Baxendell  we  had  a  man 
who  during  a  long  life  was  a  diligent  observer  of  astronomical  and 
meteorological  phenomena.  John  Arthur  Phillips,  a  geologist  who 
attended  more  particularly  to  the  chemical  origin  of  mineralogical 
and  geological  phenomena,  was  the  author  of  several  papers,  some  of 
which  appear  in  our  own  Proceedings.  It  is  not  long  since  Sir 
Julius  von  Haast  was  among  us,  apparently  in  full  vigour,  having 
come  to  England  in  connexion  with  the  Colonial  Exhibition,  and 
now  this  distinguished  geologist  and  naturalist  is  no  more.  The 
Earl  of  Iddesleigh  was  suddenly  carried  off  in  the  midst  of  the 
duties  belonging  to  an  important  office  in  the  State,  while  Beresford- 
Hope  has  succumbed  to  an  illness  of  some  duration.  These  two 
joined  us  under  the  statute  which  enables  the  Council  to  recom- 
mend to  the  Society  for  election,  in  addition  to  the  fifteen  who 
are  selected  in  the  ordinary  way,  and  nearly  always  on  account 
of  their  scientific  claims,  persons  who  are  membei-s  of  Her  Majesty'^ 
Most  Honourable  Privy  Council,  and  whose  ability  is  thus  attested, 
though  they  are  not  usually  men  of  science.  Fi*om  the  list  of 
foreign  Members,  one  name  has  disappeared  which  has  become  a 
household  word  among  the  physicists  of  all  civilized  nations.  The 
name  of  Kirchhoff  will  ever  be  remembered  as  that  of  the  introducer, 
conjointly  with  Bunsen,  of  spectral  analysis  into  the  regular  work 
of  the  chemical  laboratory,  a  step  which  has  been  so  fertile  in  results. 
To  him  too  we  owe  the  reference  of  the  dark  lines  of  the  solar 
spectrum  to  the  absorption  of  portions  of  light  coming  from  deeper 
jiortions  of  the  sun  by  the  vapours  of  substances  which  in  the  con- 
dition of  incandescent  vnpour  themselves  emit  bright  lines  in  corre- 
sponding positions,  and  to  him  therefore  we  are  indebted  for  the 
detection  of  chemical  elements  in  the  sun  and  stars,  though  partial 
anticipations  of  these  discoveries  had  been  made  by  others.  The 
fertility  of  these  researches,  and  the  attention  which  they  consequently 
excited,  should  not  make  us  forget  the  many  important  investigations 
in  mathematical  physics  of  which  Kirchhoff  was  the  author. 

The  present  year  is  memorable  as  the  Jubilee  of  the  reign  of  Her 
Most  Gracious  Majesty  our  beloved  Sovereign,  and  the  Patron  of  our 
Society.  An  address  of  congratulation  on  this  auspicious  event  was 
prepared  by  the  Council,  and  was  gi*aciously  received  by  Her  Majesty 
in  Windsor  Castle  at  the  hands  of  your  President,  who  was  accom- 
panied on  that  occasion  by  the  senior  Secretary. 

It  happens  that  this  same  year  is  also  the  Jubilee  of  the  Electric 

Telegraph,  if  we  date  from  the  first  construction  of  a  telegraph  on  an 

actaallf  working  scale,  as  distinguiah^d  from  preparatory  experiments 
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made  only  in  tlie  laboratory.  The  Jnbilee  was  duly  celebrated  by 
tlie  Society  of  Telegraph  Engineers.  The  name  of  our  former  FeUow 
Whcatstone  will  go  down  to  posterity  as  having  occupied  a  foremost 
place  in  this  great  practical  application  of  Oersted's  fertile  discovery. 

I  will  jnst  briefly  allude  to  another  outcome  of  Rcientific  research. 
The  Jast  half-century  was  well  advanced  when  our  Fellow  Dr.  Perkin, 
by  utilising  a  colour  reaction  which  had  been  employed  by  chemists 
as  a  test  for  aniline,  laid  the  foundation  of  the  industry  of  the  coal- 
tar  colours,  which  has  now  attained  such  great  proportions,  and  the 
investigation  of  the  chemical  theory  of  which  has  occupied  the  atten- 
tion of  so  many  eminent  chemists  from  our  own  Fellow  Dr.  Hofmann 
onwards. 

There  is  yet  another  Jubilee  connected  with  this  same  year  in  which 
onr  Society  is  if  possible  still  more  closely  connected :  it  is  now  just 
200  years  since  the  publication  of  the  first  edition  of  that  immortal 
work,  the  "  Principia "  of  Newton.  Some  of  the  important  results 
embodied  in  the  '*  Principia "  had  previously  been  communicated  to 
the  Royal  Society. 

But  restricting  our  view  to  the  last  half -century  alone,  we  can 
bardiy  help  casting  a  glance  at  the  progress  of  science,  and  of  the 
practical  applications  of  science,  within  that  period.  In  electricity, 
I  have  already  referred  to  the  electric  telegraph,  now  passed  into  the 
management  of  a  department  of  the  State,  and  inwoven  in  our  daily 
life,  with  its  wires  stretching  all  round  the  earth  like  the  nerves  in 
the  body,  and  placing  us  in  immediate  connexion  with  distant 
countries.  Much  more  recent  than  the  invention  of  the  electric 
telegraph  is  that,  in  some  respects,  still  more  wonderful  apparatus 
for  communication  at  a  distance  afEorded  by  the  telephone.  The 
application  of  electricity  to  lighting  purposes,  of  which  we  have 
availed  ourselves  for  the  lighting  of  the  apartments  of  our  own 
Society,  is  an  industrial  outcome  of  Faraday's  discovery  of  magneto- 
electric  induction  which  could  not  have  been  thought  of  when  the 
account  of  that  discovery  first  appeared  in  our  Transactions.  It  is 
true  that  what  I  have  juat  been  mentioning  with  respect  to  electricity 
consists  of  industrial  applications  rather  than  the  discovery  of  new 
Bdentific  principles ;  but  these  industrial  applications  react  upon 
abstract  science  beneficially  in  more  ways  than  one.  The  possibility 
of  useful  applications  induces  theorists  to  engage  in  investigations 
which  they  might  not  otherwise  have  thought  of,  the  result  of  which 
is  oftentimes  to  lead  them  to  a  clearer  apprehension  of  fundamental 
principles,  and  to  induce  them  to  undertake  exact  quantitative  deter- 
minations of  fundamental  constants.  Moreover,  the  grand  scale  on 
which  apparatus  for  actual  commercial  use  has  to  be  constructed, 
renders  it  possible  for  scientific  men,  through  the  courtesy  of  those 
who  direct  the  construction,  to  make  interesting  Qxi^(iT\tDk!&TL^^  qw.  ^ 
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Hcale  the  cost  of  which  would  be  quite  prohLbitoiy  if  it  were  a  matter 
of  science  pare  and  simple.  Take  for  example  the  experiments  made 
by  Faraday  on  100  miles  of  submerged  covered  wii'e  at  the  Works  of 
the  Electric  Telegraph  Company. 

When  we  think  of  the  progress  of  science,  both  abstract  and  applied, 
daring  the  last  half-centary,  wo  can  hardly  help  speculating  as  to  the 
possible  increase  of  scientific  knowledge  half  a  century  hence.  Per- 
haps we  might  be  tempted  to  think  that  the  mine  must  have  been  so 
far  worked  that  no  great  quantity  of  precious  ore  can  still  be  left, 
except  what  lies  too  deep  for  human  power  to  extract.  Yet  surely 
the  progress  of  knowledge  in  the  past  warns  us  against  any  hasty 
conclusion  of  the  kind.  How  oft.en  have  accessions  to  our  knowledge 
been  made  which  were  quite  unforeseen  and  quite  unexpected,  and 
how  can  we  say  what  great  discovery  may  not  be  made  at  any 
moment,  and  what  a  flood  of  light  may  not  result  from  it  ? 

In  what  direction  such  discoveries  may  be  made,  it  would  be  rash 
indeed  to  attempt  to  predict.  Yet  one  cannot  help  thinking  of  one  or 
two  cases  in  which  we  seem  almost  in  touch  of  what  if  we  coald  reach 
it  would  probably  give  us  an  insight  into  the  processes  of  nature  of 
which  we  have  little  idea  at  present.  Take  for  example  the  theory  of 
electricity  as  contrasted  with  the  theory  of  light.  In  the  latter  we  have 
the  laws  of  reflection  and  refraction,  which  have  long  been  known,  the 
remarkable  phenomenon  of  interference,  the  curious  appearances  which 
we  designate  by  phenomena  of  diffraction.  But  all  these  fall  in  the  most 
simple  and  natural  way  into  their  places  when  we  have  arrived  at  the 
answer  to  the  question,  What  is  ligiit  ?  which  is  furnished  by  the  state- 
ment,— Light  consists  in  the  undulations  of  an  elastic  medium.  But  we 
are  not  at  present  able  to  give  a  similar  answer  to  the  question,  What 
is  electricity  ?  The  appropriate  idea  has  yet  to  be  found.  We  know 
a  great  deal  about  its  laws,  and  its  connexion  with  magnetism  and 
chemical  action  ;  we  are  able  to  measure  accurately  physical  constants 
relating  to  it ;  we  make  it  subservient  to  the  wants  of  daily  life  ;  and 
yet  we  are  unable  to  answer  the  question,  What  is  it  ?  Gould  we 
only  give  a  definite  answer  to  this  question,  it  seems  likely  that  the 
production  of  electricity  by  friction,  electrostatic  attractions  and 
repulsions,  the  laws  of  electrodynamics,  those  of  tliermodynamics,  the 
nature  of  magnetism,  and  magneto-electric  phenomena  would  prove  to 
be  all  simple  deductions  from  the  one  fundamental  idea.  Nay  more  : 
so  closely  is  electricity  related  to  chemical  action,  that  could  we  only 
clearly  apprehend  the  nature  of  electricity,  it  seems  not  unlikely 
that  an  unexpected  flood  of  light  might  be  shed  on  chemical  com- 
bination. 

Let  me  refer  to  one  other  instance  in  which  a  large  accession  to  our 
present  knowledge  seems  not  altogether  hopeless.  We  know  that 
wJ:en  an  electric  discharge  is  passed  through  a  ji;iven  gas,  or  between 
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electrodes  formed  of  a  given  substance,  an  analysis  of  the  spark 
reveals  a  nsnallj  complicated  spectrum  of  bright  lines,  characteristic 
of  the  chemical  substances  present.  The  arrangement  of  the  lines  in 
most  cases  seems  capricioas,  while  in  other  instances  we  have  repeti- 
tions of  lines,  or  else  rhythmical  flutings,  indicative  of  law,  though 
one  of  no  simple  character.  There  can  be  no  reasonable  doubt  that  the 
periodic  times  indicated  by  the  bright  lines  seen  in  the  spectrum  are 
those  belonging  to  the  component  vibrations  of  the  chemical  mole- 
cules themselves ;  and  the  appearance  is  just  such  as  would  be  pro- 
duced by  a  tolerably  complex  dynamical  system  vibrating  under  the 
action  of  internal  foi*ces  of  restitution.  Now  such  a  system  may 
really  be  composed  of  two  or  more  simpler  systems,  held  together 
less  firmly  than  the  parts  of  one  of  the  simpler  systems ;  and  the 
complex  vibrations  of  the  whole  may  be  made  up  of  those  of 
the  several  simpler  systems,  modified,  however,  by  their  mutual 
connexion,  together  it  may  be  with  others  due  to  the  mutual  con- 
nexion of  the  simpler  systems  regarded  each  as  a  whole.  It  is  con- 
ceivable that  relations  of  chemical  composition  may  thus  be  pointed 
out  even  between  substances  which  wc  deem  elementary,  and  which 
horn,  their  great  stability  we  may,  perhaps,  never  be  able  actually  to 
decompose. 

But  I  must  apologise  for  having  taken  up  your  time  with  specula- 
tions as  to  the  future ;  I  will  turn  now  to  some  mention  of  the  action 
of  your  Council  during  the  past  year,  and  of  the  progress  made  by 
committees  appointed  by  the  Council. 

In  response  to  an  invitation  received  from  the  Academy  of  Sciences 
of  Paris,  that  the  Society  should  be  i-epresented  at  the  International 
Conference  of  Astronomers,  which  it  was  proposed  should  assemble  in 
Paris,  in  the  spring,  for  the  purpose  of  deliberating  about  concerted 
action  for  obtaining  a  complete  map  of  the  starry  heavens  by  means 
of  photography,  your  Council  requested  the  Astronomer  Royal  to 
represent  the  Society  on  that  occasion.  The  conference  met,  as  it 
was  proposed,  last  spring,  and  I  believe  that  the  English  astrono- 
mers at  least  think  that  a  good  foundation  has  been  laid  for  concerted 
action  in  that  great  undertaking. 

As  the  Fellows  are  already  aware  from  a  circular  which  has  been 
issued,  the  Council  have  decided  to  make  a  change  in  the  mode  of 
publication  of  the  *  Philosophical  Transactions.'  The  average  yearly 
volume  is  a  good  deal  more  bulky  now  than  it  was  at  the  beginning 
of  the  century,  and  its  size  is  such  as  not  unfrequently  to  make  it 
desirable  to  bind  one  volume  in  two.  The  sciences,  moreover,  which 
are  represented  in  the  *  Philosophical  Transactions,*  divide  them- 
selves very  naturally  into  two  groups :  mathematics,  physics,  and 
chemistry  forming  one,  and  the  biological  sciences  the  other.  The 
Council  have  decided  to  issue  the  *  Transactions  '  from  hawQ^loxtVi  \sl 
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two  series,  corresponding  to  these  two  divisions,  and  a  yearly  volume 
will  appear  in  each  series.  It  is  hoped  that  this  arrangement  will  be 
conducive  to  an  earlier  publication,  as  the  numeration  of  the  pages  in 
the  two  series  can  go  on  independently.  The  individual  papers  will 
also  be  issued  separately,  so  that  Fellows  who  prefer  receiving  them  in 
this  way  can  have  them  as  soon  as  they  are  printed.  Moreover,  the 
issue  of  the  '  Transactions '  in  two  series  will  enable  Institutions 
that  are  concerned  with  one  only  of  the  two  groups  of  subjects,  and 
that  are  not  on  our  list  for  free  presentation,  to  purchase  for  their 
librai'ies  the  series  devoted  to  that  group,  instead  of  going  to  the 
expense  of  procuring  the  whole  *  Transactions.' 

I  am  happy  to  be  able  to  announce  that  the  publication  of  the 
"  Challenger  "  report  is  now  nearly  finished.  Twenty-eight  volumes, 
some  in  two  parts,  have  now  been  published,  and  these  are  all  in  the 
Society's  library. 

The  Krakatoa  Committee  have  now  all  but  completed  their  labours. 
A  vast  amount  of  information  on  the  phenomena  related  to  that 
most  remarkable  volcanic  explosion  has  been  collected  and  digested, 
difiEerent  branches  of  the  inquiry  having  been  taken  up  by  different 
members  of  the  Committee.  An  estimate  has  been  made  of  the  cost 
of  publication  of  the  report,  and  the  Conncil  has  decided  that  it 
should  be  published  as  a  separate  work,  and  has  voted  the  sum  re- 
quired for  publication.  The  printing  of  the  volume  is  now  far 
advanced,  and  in  a  very  few  weeks  it  will  in  all  probability  be  in  the 
hands  of  the  public. 

The  reports  of  the  observers  of  the  total  solar  eclipse  of  August  last 
year  are  now  coming  in.  From  inquiries  I  have  made  I  am  in  hopes 
that  they  will  all  be  in  by  the  end  of  the  year.  It  is  obviously  con- 
venient that  they  should  all  be  dealt  with  together,  rather  than 
appear  in  a  scattered  form  for  tbe  sake  of  a  slightly  earlier  publica- 
tion of  those  which  happen  to  be  ready  first. 

I  mentioned  in  my  last  address  that  with  respect  to  this  eclipse  the 
Council,  acting  in  accordance  with  the  recommendations  of  the  Eclipse 
Committee,  had  decided  to  confine  themselves  to  an  expedition  to 
Grenada,  without  attempting  another  to  Benguela  on  the  Western 
Coast  of  Africa,  which  if  sent  out  from  this  country  would  have  been 
a  good  deal  raoi'e  costly,  and  of  which  the  success,  judging  by  such 
accounts  of  the  climate  of  Benguela  and  its  neighbourhood  as  we  could 
procure,  seemed  very  doubtful.  The  Committee  guaranteed,  however, 
£100  towards  the  expense  of  a  small  expedition  from  the  Cape  in  case 
Her  Majesty's  Astronomer  at  that  place  should  be  in  a  condition  to 
organise  one.  Sir  W.  J.  Hunt-Grubbe,  the  Admiral  in  command  at 
that  station,  was  prepared  to  render  every  assistance  in  his  power. 
Ultimately,  however,  it  was  not  found  practicable  to  organise  an 
expedition  from  the  Cape,  and  so  the  English  observations  of  the 
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eclipse  were  confined  to  those  taken  at  Grenada.  I  have  heard  that 
the  day  of  the  eclipse  was  fine  at  Bengnela,  but  there  were  no  astro- 
nomers of  any  nation  there  to  take  advantage  of  it.  It  may  be 
doubted,  however,  whether,  in  spite  of  the  fineness,  the  haze  which  is 
said  to  prevail  so  mnch  on  that  coast  at  that  time  of  year,  might  not 
materially  have  interfered  with  the  observations. 

The  boring  in  the  Delta  of  the  Nile  has  been  continued,  by  the 
&vour  of  the  War  Oflice,  under  the  able  and  zealous  superintendence 
of  Captain  Dickinson,  R.£.  As  I  mentioned  last  year,  the  Committee 
thought  it  best  to  concentrate  their  efforts  on  a  single  boring  until 
rock  should  be  reached,  or  else  a  stratum  of  such  a  character  as  to 
show  that  the  alluvial  or  drifted  deposit  had  been  got  through.  This 
result  has  not  at  present  been  obtained.  The  boring  at  Zagazig 
reached  the  depth  of  324  feet,  when  the  tube  broke,  and  stopped  for 
the  time  further  progress.  It  is,  however,  a  matter  of  interest  and 
importance  to  know  that  the  drift  or  deposit  extends  to  so  great  a 
depth.  Qeologists  attacli  so  much  importance  to  the  prosecution  of 
the  inquiry  that  at  the  suggestion  of  the  Delta  Committee  an  appli- 
cation was  made  to  the  Gt)vernment  Grant  Committee  for  a  grant  of 
£500,  which  was  acceded  to  by  the  Committee.  This  sum  would 
not  suffice  for  the  prosecution  of  the  inquiry  to  the  extent  contem- 
plated ;  but  it  was  thought  that  with  such  a  sum  «s  a  nucleus  ex- 
traneous pecuniary  assistance  might  be  obtained  from  Societies  or 
individuals  specially  interested  in  the  inquiry,  and  the  Council  have 
authorised  the  Delta  Committee  to  avail  themselves  of  such  aid. 

The  meetings  of  Council  and  Committees  continue  to  be  very 
numerous,  and  no  less  than  twenty-two  Committees  and  Sub- 
committees have  been  at  work  during  the  session. 

The  number  of  papers  communicated  to  the  Society  continues  to 
increase.  In  1884-5  the  number  was  93  ;  in  1885-6  it  was  113  ;  and 
in  the  past  session,  129. 

Since  the  last  Anniversary  one  complete  part  of  the  *  Philosophical 
Transactions,'  and  thirty-two  separate  papers  towards  the  new  volume 
have  been  published  ;  the  whole  comprising  no  lesd  than  1482  pages 
of  letterpress  and  seventy-six  plates.  In  the  same  period  twelve 
numbers  of  the  *  Proceedings,*  containing  984  pages,  have  appeared. 

The  task  of  preparing  the  MS.  of  the  Catalogue  of  Scientific 
Papers,  deca^le  1874  to  1883,  has  proved  far  heavier  than  was  antici- 
pated, and  the  matter  very  far  exceeds  in  bulk  that  of  the  previous 
decade.  The  cataloguing  of  papers  from  the  volumes  in  our  own  library 
has  long  been  finished,  but  the  work  of  gleaning  stray  papers  from 
works  in  other  libraries  which  we  do  not  possess  has  proved  more 
arduous  than  was  expected,  and  even  now  is  not  quite  completed.  It 
is  confidently  hoped,  however,  that  the  MS.  will  be  completed  for  the 
press  during  the  coming  session. 
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The  distribation  and  exchange  of  duplicates  from  onr  library, 
commenced  last  session,  has  been  continued,  and  several  defective 
series  among  the  periodicals  on  oar  shelves  have  been  made  good. 
The  general  work  of  the  library  has  received  careful  attention  at  the 
hands  of  Mr.  Alfred  White,  who  shortly  before  the  last  Anniversary 
was  appointed  to  the  office  of  Assistant  Librarian. 

The  Copley  Medal  for  the  year  has  been  awarded  to  the  eminent 
botanist,  your  former  President,  Sir  Joseph  Dalton  Hooker.  It  is 
impossible,  within  the  limits  to  which  I  must  confine  myself  on  the 
present  occasion,  to  do  more  than  briefly  refer  to  some  of  the  more 
salient  features  of  his  scientific  career,  extending  as  it  does  over 
nearly  half  a  century  of  unceasing  intellectual  activity  ;  and  I  need 
hardly  say  that  in  attempting  to  give  some  idea  of  important  labours 
which  lie  outside  my  own  studies,  I  am  dependent  on  the  kindness  of 
scientific  friends. 

As  a  traveller,  he  can  perhaps  only  compare  with  Humboldt  in  the 
extent  to  which  he  has  used  travel  as  an  instrument  of  research.  To 
quote  a  remark  by  Professor  Asa  Gray,  **  No  botanist  of  the  present 
century,  perhaps  of  any  time,  has  seen  more  of  the  earth's  vegetation 
under  natural  conditions.*'  His  Antarctic  voyage  in  1839-43  supplied 
the  material  for  a  series  of  well-known  works  of  first-rate  import- 
ance on  the  vegetation  of  the  southern  hemisphere ;  and  these  in 
their  turn  formed  the  basis  of  important  general  discussions.  The 
journey  to  India  in  1847-51  yielded,  in  the  Himalayan  journals,  as 
Humboldt  has  remarked,  **  a  perfect  treasure  of  important  observa- 
tions.'* The  maps  made  of  the  passes  into  Thibet  are  even  still 
unsuperseded.  The  fine  work  on  the  "  Sikkim  Rhododendrons  '*  was 
at  once  a  revelation  to  the  botanist  and  to  the  horticulturist.  His 
account  of  the  glacial  phenomena  of  the  Himalayas  supplied  facts 
both  to  Darwin  and  to  Lyell.  A  journey  to  Morocco  in  1871  and  a 
later  visit  to  North  America  led  to  important  conclusions  on  plant 
distribation. 

Perhaps  Sir  Joseph  Hooker's  most  important  place  in  scientific 
history  will  be  found  in  the  rational  basis  upon  which  he  placed 
geographical  botany.  De  Candolle,  while  admitting  the  continuity 
of  existing  floras  with  those  preceding  them  in  time,  still  adhered  in 
principle  to  the  multiple  origin  of  species.  To  quote  a  remark  by 
Professor  Asa  Gray — **  De  Candolle's  great  work  closed  one  epoch  in 
the  history  of  the  subject,  and  Hooker's  name  is  the  first  that  appears 
in  the  ensuing  one."  According  to  Lyell,  "  the  abandonment  of  the 
old  received  doctrine  of  the  '  immutability  of  species  '  was  accelerated 
in  England  by  the  appearance  in  1859  of  Dr.  Hooker's  *  Essay  on  the 
Flora  of  Australia.'"  This  Essay  effected  a  revolution.  It  was 
quickly  followed  in  1860  by  the  classical  essay  on  the  "  Distribution 
of  Arctic  Plants,"  and  in  1866  by  the  Nottingham  Lecture  on  Insular 
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Floras.  The  fact  of  widely  disftevered  localities  for  species,  which 
De  Candolle  foand  an  insuperable  obstacle  to  abandoning  the  doctrine 
of  multiple  origin,  has,  in  the  hands  of  Hooker  and  A.  Gray  (as  stated 
by  Bentham),  afforded  the  most  convincing  proof  of  the  genetic 
relationship  of  the  floras  of  which  such  species  are  components. 

In  systematic  botany,  Hooker  has  pei-haps  had  no  rival  since 
Robert  Brown.  The  "  Genera  Plantarum,'*  the  joint  work  of  himself 
and  his  friend  Bentham,  and  the  *'  Flora  Indica,"  to  the  completion  of 
which  our  colleague  is  devoting  the  leisure  of  a  well-earned  retire- 
ment, form  only  as  it  were  the  head  of  an  immense  body  of  taxonomic 
memoirs. 

Nor  have  his  services  to  botanical  science  been  confined  to  geo- 
graphical botany  and  to  taxonomy.  His  researches  on  various  groups, 
soch  as  Welwitschia  and  others,  deal  in  a  masterly  way  with  morpho- 
logical problems  of  the  highest  interest  and  of  extreme  difiiculty. 

While  no  one  would  attempt  to  minimise  the  commanding  and 
unique  position  of  Mr.  Darwin,  the  scientific  historian  of  the  future 
will  recognise  how  much  the  development  of  the  modem  theory  of 
evolation,  from  its  first  conception  in  the  mind  of  Mr.  Darwin,  was 
facilitated  by  the  interaction  upon  one  another  of  the  work  and  minds 
of  Darwin,  Hooker,  and  Lyell.  It  was  due  to  the  earnest  efforts  of  his 
two  friends  that  Mr.  Darwin  was  induced  to  publish  the  first  sketch 
of  the  origin  of  species  at  all.  And  no  one,  had  he  been  alive,  would 
have  more  cordially  recognised  than  Mr.  Darwin  how  vast  an  armoury 
of  facts  the  wide  botanical  experience  of  Hooker  constantly  placed  at 
his  disposal  in  fortify  ing  and  supporting  his  main  position. 

Of  the  two  Royal  Medals,  it  is  customary,  though  it  is  not  an  in- 
variable rnle,  to  award  one  for  mathematics  or  physics,  and  the  other 
for  biological  science. 

The  medal  which,  in  accordance  with  the  usual  rule,  has  been  de- 
voted to  mathematics  and  physics,  has  this  year  been  awarded  to 
Colonel  A.  Clarke  for  his  comparison  of  standards  of  length,  and 
determination  of  the  figure  of  the  earth. 

Colonel  Clarke  was  for  some  twenty-five  years  the  scientific  and 
mathematical  adviser  for  the  Ordnance  Survey,  and  whilst  acting  in 
that  capacity  he  became  known  to  the  whole  scientific  world  as 
possessing  a  unique  knowledge  and  power  in  dealing  with  the  complex 
questions  which  arise  in  the  science  of  geodesy. 

His  laborious  comparison  of  the  standards  of  length,  carried  out 
nnder  General  Sir  Henry  James,  R.E.,  are  universally  regarded  as 
models  of  scientific  precision. 

His  determination  of  the  ellipticity  and  dimensions  of  the  earth 

from  the  great  arcs  of  meridian  and  longitude  involved  a  veiy  high 

mathematical  ability  and  an  enormous  amount  of  labour.     The  con- 

'  elusion  at  which  he  arrived  removed  an  apparent  discrepancy  between 
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the  results  of  pendalam  experiments  and  those  derived  from  geodesy, 
and  is  generally  accepted  as  the  best  approximation  hitherto  attained 
as  to  the  figure  of  the  earth. 

The  accounts  of  these  investigations  have  been  published  in  a 
number  of  memoirs,  several  of  which  have  been  communicated  to  the 
Royal  Society. 

In  1880  he  published  a  book  on  Geodesy,  which,  besides  giving  an 
accurate  account  of  that  science,  embodies  the  main  results  of  the 
work  of  bis  life. 

In  the  biological  division  of  the  sciences  the  Royal  Medal  has  this 
year  been  awarded  to  Professor  Henry  N.  Moseley  for  his  numerous 
I'esearcbes  in  animal  morphology,  and  especially  his  investigfations  on 
Corals  and  on  Peripatus. 

The  resalt  of  his  elaborate  investigations  on  corals,  an  account  of 
which  has  been  published  in  the  *  Philosophical  Transactions,'  was  to 
show  that  the  MiileporidaB  and  the  StylasteridflB  were  not,  as  had  been 
thought,  Antbozoan  in  nature,  but  were  composite  coral-forming 
hydroids.  Many  new  genera  and  species  were  described  by  him  in 
these  memoirs,  and  in  fact  not  merely  was  a  new  group  of  organisms, 
the  Hydrocorallinae,  indicated,  but  the  complete  morphology  and 
systematic  subdivisions  of  that  order  were  worked  out. 

Moseley 's  memoir  on  Peripatus  is  not  less  remarkable.  He  was 
the  first  to  point  out  the  true  nature  of  this  remarkable  animal,  and 
to  demonstrate  that  it  was  in  reality  an  archaic  Arthropod.  The  snb- 
sequent  investigations  of  Balfour  and  Sedgwick  have  further  increased 
the  importance  of  Moseley's  discovery. 

Moseley*s  memoir  on  the  Land  Planarians  of  Ceylon  (*  Phil. 
Trans.,*  1872)  is  an  important  contribution  to  the  anatomy  of  the 
Turbellaria.  He  was  the  first  to  apply  the  method  of  section-cutting 
to  the  Planarians,  and  his  paper  is  full  of  new  facts  of  great  import- 
ance, which  have  stood  the  test  of  subsequent  work  over  the  same 
ground. 

Besides  these  three  great  memoirs  published  in  the  *  Philosophical 
Transactions,'  Moseley  has  published  numerous  minor  discoveries, 
and  his  spectroscopic  observations  on  the  colouring  matters  of  marine 
organisms  have  proved  the  starting-point  of  valuable  investigations. 

Mention  must  not  be  omitted  of  Moseley's  admirable  book,  *  Notes 
of  a  Naturalist  on  the  **  Challenger,"  *  which  has  been  justly  com- 
pared, for  the  varied  ability,  interest,  and  activity  which  it  evinces  on 
the  part  of  the  author,  to  Darwin's  *  Voyage  of  the  "  Beagle." ' 

Since  the  date  of  the  works  above  referred  to,  Moseley  has  been 
chiefly  active  in  the  discharge  of  his  duties  as  Linacre  Professor,  and 
the  success  with  which  he  has  directed  the  work  of  his  pupils  is 
evinced  by  the  important  memoirs  on  zoological  subjects  which  several 
of  them  have  produced  whilst  working  under  his  direction.     He  has 
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himself  also  published  a  remarkable  discovery  with  regard  to  the 
Chitons.  In  the  shells  of  many  genera  and  species  of  these  molluscs 
he  has  detected  highly  developed  eyes,  of  which  he  has  described  the 
minute  stmctare. 

The  Davy  Medal  for  the  year  1832  was  awarded  by  the  Council  to 
Professors  MendelejeflF  and  Lothar  Meyer  conjointly,  "  For  their 
Discovery  of  the  Periodic  Relations  of  the  Atomic  Weights."  This 
relation,  now  known  as  the  **  Periodic  Law,'*  has  attracted  great 
attention  on  the  part  of  chemists,  and  has  even  enabled  Professor 
Mendelejeff  to  predict  the  properties  of  elements  at  the  time  un- 
known, but  since  discovered,  such  as  Gallium  for  instance. 

But  while  recognising  the  merits  of  chemists  of  other  nations  we 
are  not  to  forget  our  own  countrymen  ;  and  accordingly  the  Davy 
Medal  for  the  present  year  has  been  awarded  to  Mr.  John  A.  R. 
Newlands  for  his  discovery  of  the  Periodic  Law  of  the  Chemical 
Elements.  Though  in  the  somewhat  less  complete  form  in  which 
the  law  was  enunciated  by  him,  it  did  not  at  the  time  attract  the 
attention  of  chemists,  still  in  so  far  as  the  work  of  the  two  foreign 
chemists  above  mentioned  was  anticipated,  the  priority  belongs  to 
Mr.  Newlands. 

The  Statutes  relating  to  the  election  of  Council  and  Officers  were 
then  read,  and  Professor  Clifton  and  Genei*al  Walker  having  been, 
with  the  c<msent  of  the  Society,  nominated  Scrutators,  the  votes  of 
the  Fellows  present  were  taken,  and  the  following  were  declared  duly 
elected  as  Council  and  Officers  for  the  ensuing  year : — 

President. — Professor  George  Gabriel  Stokes,  M.A.,  D.C.L.,  LL.D. 

TrecLsurer. — John  Evans,  D.C.L.,  LL.D. 

.  J  Professor  Michael  Foster,  M.A.,  M.D. 

Secretaries.— ^r^^^^  Lord  Rayleigh,  M.A.,  D.C.L. 

Foreign  8ecreta/ry, — Professor  Alexander  William  Williamson,  LL.D. 

Other  Members  of  the  Council. 

Sir  William  Bowman,  Bart.,  M.D. ;  Henry  Bowman  Brady, 
P.L.S.,  F.G.S.;  Professor  Arthur  Cayley,  D.C.L.,  LL.D.;  W.  T. 
Thiselton  Dyer,  MA. ;  Professor  David  Ferrier,  M.A.,  M.D. ;  Edward 
Frankland,  D.C.L. ;  Arthur  Gamgee,  M.D. ;  Professor  Joseph  Henry 
Gilbert,  M.A. ;  Professor  John  W.  Judd,  P.G.S. ;  Professor  Herbei*t 
McLeod,  F.I.C.;  William  Pole,  Mus.  Doc;  William  Henry  Prcece, 
M.I.C.E. ;  Admiral  Sir  George  Henry  Richards,  K.C.B. ;  Professor 
Arthur  William  Riicker,  M.A. ;  the  Earl  of  Rosse,  D.C.L.,  LL.D. ;  Sir 
liemhard  Samuelson,  Bart.,  M.I.C.E. 

The  thanks  of  the  Society  were  given  to  the  Scrutators. 
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The  following  Table  shows  the  progress  and  present  state  of  the 
Society  with  respect  to  the  number  of  Fellows  : — 


Patron 

and 

Royal. 

Foreign. 

Com- 
pounders. 

£4 

yearly. 

£3 

yearly. 

Total. 

Nov.  30,  1886    . . 
Since  Elected     . . 
Since  Deceased  . . 

5 

•  • 

•  • 

49 

•  • 
-     1 

192 

-h      1 
-     5 

172 

-h     1 
-     8 

100 
+  14 
-     2 

518 
+   16 
-  16 

Nov.  80,  1887   . . 

5 

48 

188 

165 

112 

518 

Account  of  the  appropriation  of  the  sum  of  £4,000  (the  Govern- 
ment Grant)  annually  voted  by  Parliament  to  the  Royal 
Society,  to  be  employed  in  aiding  the  advancement  of 
Science  (continued  from  Vol.  XLI,  p.  396). 

1886-87. 

£ 

Prof.  P.  G.  Tait,  for  Redaction  of  Observations,  by  Forbes' 
method,  for  determination  of  Thermal  Conductivity    40 

A.  P.  Laurie,  for  a  Research  into  the  Electromotive  Force  of 
.  Metals  and  Alloys  in  constant  Voltaic  Cells 15 

A  Committee,  for  the  purpose  of  investigating  chemically 
the  Water  of  the  Clyde  river  entrance  and  lock- systems 150 

The  Solar  Eclipse  Committee  of  the  Royal  Society 100 

The  Pendulum  Committee  of  the  Royal  Society,  for  the 
expense  of  Pendulum  Observations  to  be  undertaken  at  the 
Kew  Observatory 100 

R.  Kidston,  to  continue  his  Investigations  into  the  distri- 
bution of  the  Carboniferous  Flora,  and  to  prepare  lists  of  Fossil 
Plants  characteristic  of  the  upper,  middle,  and  lower  divisions 
of  the  Coal  Measures  as  developed  in  Britain    40 

A  Committee,  for  Illustrations  to  Mr.  Hamilton's  Work  on 
the  Central  Nervous  System    300 

Dr.  Warner,  to  assist  in  enumerating,  analysing,  and  studying 
Nerve-muscalar  Movements  in  Man,  as  signs  indicating  the 
action  of  nerve-centres 30 

Carried  forward £775 
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Brought  forward £775 

Dr.  J.  W.  Fraser,  for  the  Investigation  of  the  Actions  of 
infused  Beverages  of  various  kinds  on  peptic  and  pancreatic 
Digestion  of  Nitrogen ised  and  Hjdrocarbonaceous  foods    ....  15 

Prof.  V.  Horsley,  for  an  Inquiry  into  the  function  of  the 
Thyroid  Gland  with  relation  to  the  Causation  of  the  diseases 
known  as  Myxoedema,  Goitre,  <&c 50 

Dr.  L.  C.  Wooldridge,  for  Continuation  of  Experiments  on 
the  Physiology  and  Pathology  of  the  Blood 40 

W.  J.  Harrison  (a),  to  investigate  more  completely  the  Cam- 
brian rocks  discovered  at  Dosthill,  in  Warwickshire,  £10 ; 
{h)  and  to  collect  and  study  the  rocks  constituting  the  Lower 
Keuper  Conglomerate,  at  Sedmore,  near  Stourbridge,  £10. . . .  20 

Dr.  B.  Stockman,  for  a  Research  into  the  Physiological 
Action  of  Borneo  Camphor  and  some  allied  bodies   20 

H.  N.  Ridley,  to  explore  the  Natural  History  of  Fernando 
Noronha 150 

Dr.  A.  Downes,  for  Apparatus  to  be  used  in  Researches  on 
(1)  the  action  of  light  on  micro-organisms,  (2)  the  duration  of 
life  of  micro-organisms,  (3)  a  means  of  measuring  the  actinic 
value  of  light  by  oxalic  acid 12 

Dr.  P.  F.  Frankland,  for  assistance  in  further  Investigations 
of  Micro-organisms,  their  distribution  and  vitality 50 

The  China  Flora  Committee,  to  continue  the  preparation  and 
printing  of  the  Index  Florae  Sinensis 2C)0 

The  Delta  Boring  Committee  of  the  Royal  Society,  for  con- 
tinuing the  boring  operations  in  the  Delta  of  the  Nile 200 

Dr.  F.  R.  Japp,  for  an  Investigation  of  the  Reactions  of 
Ketones,  Diketones,  and  allied  compounds     75 

Prof.  Hunipidge,  to  continue  the  Research  on  the  Specific 
Heats  of  the  pure  elements  in  the  solid  state,  and  at  varying 
temperatures    20 

H.  Tomlinson,  for  further  Research  on.  the  influence  of  Stress 
and  Strain  on  the  physical  properties  of  matter    150 

V.  H.  Veley,  for  an  investigation  into  the  rate  of  Evolution 
of  a  Gas  from  a  homogeneous  liquid    50 

Sii-  W.  Thomson,  for  the  reduction  and  full  discussion,  by 
the  method  of  Harmonic  Analysis,  of  a  series  of  Tide  Records 
taken  at  Ostend  and  Dover,  and  covering  a  period  of  seven 
years  for  each  port 50 

A.  M.  W.  Downing,  for  payment  of  a  Computer  to  aid  in 
comparing  the  places  of  Stars  in  Gould's  Argentine  General 
Catalogue  of  32,448  stars,  with  those  in  Stone's  Cape  Cata- 
logue of  12,441  stars 25 

Carried  forward £1,902 
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Brought  forward £1,902  0 

Dr.  G.  A.  Atkinson,  for  a  Research  on  the  Chemistry  and 
Pharmacology  of  the  Nitrites  of  Sodium,  Potassium,  Ethyl, 
and  Amyl,  and  of  Nitro- glycerine    15  0 

Dr.  C.  R.  A.  Wright,  for  the  investigation  of  a  class  of 
Voltaic  Cells  (mostly  novel)  in  which  the  essential  chemical 
action  is  the  formation  of  metallic  or  other  oxides  by  Atmo- 
spheric Oxidation    50  0 

Prof.  Ramsay,  for  Investigations  on  Evaporation  and  Disso- 
ciation        50  0 

S.  U.  Pickering,  for  an  Investigation  of  the  Heat  of  Neutrali- 
sation of  the  Amines 60  0 

G.  J.  Symons,  for  the  erection  of  additional  Rain  Granges  in 
the  Lake  District,  and  for  replacing  those  worn  out     12  7 

W.  H.  Perkin,  Jun.,  for  a  Research  on  the  Chemical  Consti- 
tution of  the  alkaloid  Berberin,  and  of  the  colouring  matters         « 
Brasilin,  Hadmatoxylin,  and  Santalin 50  0 

J.  Joly,  for  Improvements  in  the  apparatus  for  the  method 
of  Condensation  in  Calorimetry ;  for  further  enquiry  into  the 
specific  heats  of  the  Sulphides  ;  and  other  researches 30  0 

H.  G.  Colman  and  W.  H.  Perkin,  jun.,  for  a  Research  on  the 
action  of  Methyl- Tetramethylene  Bromide  on  Aceto-acetic 
and  Malonic  Ethers    20  0 

Prof.  J.  Emerson  Reynolds,  for  payment  of  an  Assistant  to 
carry  out  the  aualytical  portion  of  his  work  on  Silicon  Com- 
pounds        60  0 

Dr.  G.  H.  Bailey,  to  examine  the  Action  of  Water  at  high 
pressure  in  effecting  the  alteration  of  Silicates,  &c.,  and  two 
other  researches  (see  full  Application)    30  0 

A.  Harden  and  Dr.  Perkin,  junr.,  for  a  Research  on  the 
Constitution  of  Dehydracetic  Acid  and  its  derivatives 20  0 

Dr.  Hodgkinson,  for  expense  of  an  Assistant  in  further  in- 
vestigating the  Hydrocarbons  Di-fluoryl  and  Di-acenaphthen 
and  some  derivatives  of  Phenyl  Acetic  acid 50  0 

A.  Scott,  to  determine  with  the  greatest  possible  accuracy 
the  true  Combining  Volumes  of  H  and  0  when  uniting  to 
form  water 50  0 

Dr.  P.  F.  Frankland,  for  further  investigating  the  Chemical 
Changes  effected  by  Specific  Micro-organisms 25  0 

The  Krakatoa  Committee,  in  aid  of  the  expense  of  printing 
their  Report   250  0 

Rev.  A.  B.  Eaton,  for  the  cost  of  Drawings  to  elucidate  the 
classification  of  Terrestrial  Isopod  Crustacea    50  0 

Carried  forwai'd £t^T2A  1 
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Brought  forward £2,724  7 

The  Marine  Biological  Association,  for  the  Investigation  of 
the  Flora  and  Fauna  of  Plymouth  Sound,  with  especial  relation 
to  the  physical  conditions  related  thereto 250  0 

Prof.  Schaf er,  for  payment  of  an  Assistant  to  aid  in  prose- 
cuting a  Research  into  the  functions  of  the  Nervous  System, 
especially  of  the  Cerebral  Cortex 100  0 

Dr.  T.  L.  Brunton,  for  Investigations  on  the  connexion 
between  Chemical  Constitution  and  Physiological  Action  . .  •  •    100  0 

John  Beard,  for  Besearches  in  Elasmobranch  and  Ghinoid 
development    150  0 

Prof.  W.  C.  Mcintosh,  for  continuation  of  the  Researches  on 
the  Development  of  Fishes,  and  especially  the  investigation  of 
those  in  which  the  post-larval  stages  are  unknown 50  0 

Prof.  C.  Lapworth,  for  the  Study  of  the  Stratigraphical 
sequence  on  the  lower  Paleaozoic  Rocks  of  Wales  and  the  West 
of  England,  and  of  the  GraptoHtes  contained  therein    100  0 

Prof.  W,  A.  Herdman,  for  the  Exploration  by  dredging, 
tow-netting,  <ibc.,  of  Liverpool  Bay,  and  the  neighbouring  parts 
of  the  Irish  Sea,  in  order  to  determine  accurately  the  Fauna 
and  Flora  of  the  different  parts,  and  the  conditions  under 
which  the  various  species  are  found    25  0 

J.  Rattray,  to  prepare  a  Monograph  of  the  Diatomaces  •  • .  •    100  0 

Francis  Gotch,  for  the  investigation  of  the  Electric  Fishes 
with  special  reference  to  the  functional  activity  of  the  Electric 
Organ 75  0 

A  Committee,  for  the  purpose  of  sending  a  Collector  to 
obtain  Zoological  Specimens  in  the  less  known  West  Indian 
Islands 100  0 

J.  Starkie  Gurdner,  to  work  out  a  bed  of  Limestone  contain- 
ing Fossil  Plants  at  Ardtun  exposed  by  quarrying  operations 
last  year ^ 50  0 

W.  F.  Denning,  for  further  observation  of  Shooting  Stars 
and  their  radiant  points,  with  special  reference  to  the  stationary 
radiation  of  Meteors 30  0 

Prof.  T.  R.  Jones,  for  further  elucidation  of  the  Fossil 
Ostracoda    100  0 

Prof.  W.  K.  Parker,  for  further  Researches  in  the  Mor- 
phology of  the  Vertebrata 300  0 

J.  Clark,  for  the  examination  in  detail  of  the  Protoplasmic 
Movements  exhibited  by  the  lower  organisms,  and  by  the  ordi- 
nary vegetable  cell 70  0 

£4,324  7 


Aeeount  of  Grants  fram  the  DonatUm  Fund. 


1887.] 

£     M,  d. 

To  Balance  NoTember  80,  1886. .     279  15  4 

,.  Grant  from  Treasury 4,000    0  0 

„  Repajments 109  15  3 

„  Interest  on  Deposit 11  16  8 
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£4,401     7    3 


Cr. 

£     «.   d. 

Bj  Appropriations,  as 

aboTe 4,324    7    0 

Printing,  Postage,  Ad- 
vertising, and  other 
AdministratiTo  Ex- 
penses         54  14    9 

By  Balance  on  hand, 

Not.  30, 1887    ....       22    5    6 


£4,401     7    3 


Account  of  Grants  from  the  Donation  Fund  in  1886-87, 

£    8.    d. 
W,  de  la  Rue,  for  the  completing  of  his  Catalogue  of 

Latitude    and  Longitudes  of  Solar  Spots,  £200.     On  ac- 

connt    81  17    0 

Prof.  Humphry,  to  assist  Mr.  C.  B.  Lockwood  in  his  in- 
vestigations on  the  Development  of  the  Heart 30     0     0 

Dr.  Sclater,  to  assist  Mr.  Quelch  in  obtaining  specimens 
of  the  yonng  of  the  Hoatzin  (Opislhocomus  cristafus)  ....      10     0     0 

Prof.  Schilfer,  to  assist  Mr.  J.  R.  Bradford  in  his  re- 
searches upon  the  salivary  secretion   15     0    0 

Prof.  Bonney,  to  assist  Mr.  A.  T.  Evans  in  examining 
sections,  pits,  <&c.,  in  the  Midland  Counties  where  the 
Snnter  Conglomerate  is  well  exposed 10     0     0 

The  Delta  Boring  Committee,  for  continuation  of 
lorings  in  the  Delta  of  the  Nile 200     0     0 

Dr.  Ghiskell,  in  aid  of  his  researches  on  the  structure, 
distribution,  and  function  of  the  Vascular  and  Visceral 
:Nerves 40    0    0 

G.  R.  Vine,  to  complete  descriptions  of  British  Fossil 
Polyzoa  and  other  Organisms 10     0     0 

W.  Christie,  for  the  adaptation  and  freight  of  instru- 
ments to  observe  the  Total  Solar  Eclipse  of  August  19th 
(observer,  H.  Turner)   30     0    0 

W.  T.  Thiselton  Dyer,  to  assist  Mr.  W.  Hemsley  in 
drawing  up  in  alphabetical  form  a  digest  of  the  existing 
information,  and  most  accessible  literature,  relating  to  the 
Vegetable  Productions  and  Resources  of  the  various  pos- 
sessions of  the  Empire 20    0    0 

Carried  forward £446  17     0 
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Broaght  forward £446  17     0 

Dr.  S.  H.  Vines,  to  assist  Mr.  Yaisej  in  His  investiga- 
tions into  the  Histology  and  Morphology  of  Mosses  in 
particular,  and  of  the  Mnscineee  in  general 25     0     0 

Dr.  Cash,  in  aid  of  his  investigation  on  the  subject  of 
Intestinal  Rest  and  Movement.  •  . . « « 35     0     0 

G.  J.  Symons,  to  redetermine  the  temperatures  of  the 
Hot  Springs  in  the  Pyrenees,  as  laid  down  by  Prof.  J.  D. 
Forbes  C  Phil.  Trans.,' 1836)    40     0     0 

Dr.  Gill,  to  assist  in  defraying  expenses  incurred  in 
carrying  on  his  researches  in  Stellar  Photography 150     0     0 

Prof.  Pritchard,  for  experiments  to  be  made  with  re- 
ference to  the  Paris  Congress  on  Stellar  Photography, 
with  two  mirrors  of  the  same  aperture,  but  of  different 
focal  length,  one  about  the  half  of  the  other 25     0     0 

£721  17     0 


Report  of  the  Kew  Committee  for  the  Year  ending 

October  31,  1887. 


The  operations  of  The  Kew  Observatory,  in  the  Old  Deer  Park, 
Richmond,  Surrey,  are  controlled  by  the  Kew  Committee,  which  is 
constituted  as  follows : 

Mr.  Warren  de  la  Rue,  Chairman, 


Captain  W.  de  W.  Abney,  R.E. 
Prof.  W.  G.  Adams. 
Staff-Commander  E.  W.  Creak, 

R.N. 
Prof.  G.  C.  Foster. 
Mr.  F.  Galton. 


Admiral    Sir    G.   H.     Richards, 

K.C.R. 
The  Earl  of  Rosse. 
Mr.  R.  H.  Scott. 
Lieut.- Gen.  R.  Strachey,  C.S.I. 
General  J.  T.  Walker,  C.B. 


The  Committee  regret  to  announce  the  death,  in  July  last,  of 
their  late  member,  Lieut.-G^neral  W.  J.  Smythe,  R.A.  He  had  held 
a  seat  upon  the  Committee  since  1871,  but  for  some  years  past,  owing 
to  his  residence  in  Ireland,  he  had  not  been  able  to  take  part  in  their 
meetings. 

The  work  at  the  Observatory  may  be  considered  under  the  fol- 
lowing heads : — 

Ist.   Magnetic  observations. 
2nd.  Meteorological  observations. 
3rd.  Solar  observations. 

4th.  Experimental,   in  connexion  with  any  of  the   above   depart- 
ments. 
5th.  Verification  of  instruments. 
6th.  Rating  of  Watches  and  Marine  Chronometers. 
7th.  Miscellaneous. 


I.  Magnetic  Observations. 

Throughout  the  past  year  the  magnetographs  have  worked  in  a 
Aatisfactory  manner,  and  the  usual  determinations  of  the  scale  values 
of  all  the  instruments  were  made  in  January  last. 

Owing  to  the  gradual  secular  change  of  Declination  the  distance 
between  the  dots  of  light  upon  the  cylinder  of  the  magnetometer  had 
become  too  small  for  satisfactory  registration,  and  in  consequence  it; 
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was  found  necessary  to  re-adjust  tbe  instrument  by  altering  slightly 
the  inclination  of  the  mirror  attached  to  the  magnet. 

The  values  of  the  ordinates  of  the  different  photographic  carves 
determined  then  were  as  follows  : — 

Declination :  1  inch=0''  22'-04.     1  cm.=0°  8'7. 

Bifilar,  January  10,  1887,  for  1  inch  «H=0-0255  foot  grain  unit. 

„   1  cm.    „  =0-00046  C.G.S.  unit. 
Balance,  January  11, 1887  „    1  inch  5V=00281  foot  grain  unit. 

„   1  cm.   „   =0-00051  C.G.S.  unit. 

In  the  case  of  the  bifilar  magnetometer  it  was  also  found  necessary 
to  re-adjust  the  instrument,  at  the  same  time  its  sensibility  was 
slightly  altered,  after  which  the  scale  value  was  again  determined 
with  the  following  result : — 

Bifilar,  January  18,  1887,  for  1  inch  «H=00280  foot  grain  unit. 

„   1  cm.    „  =000051  C.G.S.  unit. 

With  regard  to  magnetic  disturbances,  no  very  exceptional  move- 
ments have  been  registered  during  the  year. 

The  principal  oscillations,  however,  were  recorded  on  the  following 
dates :  November  2  to  6,  1886 ;  February  13  and  14,  April  5  to  7, 
Angust  2,  and  September  26  and  27,  1887.  Much  interest  was 
evinced  in  the  curve  for  February  23,  which  registered  the  occun*ence 
of  an  earthquake. 

In  Februaiy  last  new  adjusting  screws  were  fitted  to  one  of  the 
microscopes  attached  to  the  Kew  dip-circle  No.  33. 

Information  on  matters  relating  to  terrestrial  magnetism  and 
various  data  have  been  supplied  to  Professor  Mascart,  Professor 
Adams,  Dr.  Atkinson,  Professor  Schering,  Dr.  Rijckevorsel,  and 
Messrs.  Archbatt  and  Stanley. 

Professors  Riicker  and  Thorpe  visited  the  Observatory  in  January 
last,  and  made  a  series  of  base  observations,  prior  to  their  departure 
for  Ireland  to  finish  their  magnetic  survey  of  the  British  Isles,  which 
was  commenced  in  1883.  On  returning  to  England  a  further  series 
of  observations  were  made  at  Kew  in  October  in  order  to  complete 
the  survey. 

The  monthly  observations  with  the  absolute  instruments  have  been 
made  as  usual,  and  the  results  are  given  in  the  tables  forming 
Appendix  I  of  this  Report. 

The  following  is  a  summary  of  the  number  of  magnetic  observations 
made  during  the  year : — 

Determinations  of  Horizontal  Intensity 28 

„  Inclination 110 

f,  Absolute  Declination 40 
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Several  additional  sets  of  observations  of  Absolute  Declination  have 
been  made  with  the  view  of  investigating  certain  changes  in  the 
values  of  the  torsional  effect  of  the  suspending  thread  upon  the  deter- 
mination of  the  true  position  of  the  magnet  employed. 

The  magnetograph  curves  made  use  of  in  the  preparation  of  the 
tables  of  diurnal  range  of  Declination  (see  Appendix,  Table  III)  have 
been  drawn  from  the  original  photographs  by  means  of  an  eidograph 
kindly  lent  by  Captain  W.  J.  L.  Wharton,  F.R.S.,  the  Hydrographer. 

Magnetic  Reductions. — At  the  request  of  Professor  Balfour  Stewart, 
F.R.S.,  copies  of  the  Kew  declination  disturbances  for  the  years 
1858-1865,  together  with  the  daily  wind  values  for  the  years  1858  to 
1869,  have  been  made  and  forwarded  to  him ;  the  Rev.  S.  J.  Perry  has 
also  received  copies  of  the  records  of  certain  selected  days  of  magnetic 
disturbance  for  1886. 

Krakatoa  Eruption, — In  May  last,  at  the  request  of  the  Krakatoa 
Committee  of  the  Royal  Society,  a  memorandum  was  prepared  for 
that  body  on  the  magnetic  effects  recorded  at  the  various  observatories 
over  the  globe  which  occurred  at  the  time  of  the  great  explosion  of 
August  27,  1883,  in  the  Straits  of  Sunda. 

Magnetic  Stations. — A  list  of  all  known  magnetic  stations  has  been 
prepared  jointly  by  General  Sir  J.  H.  Lefroy  and  the  Superintendent 
for  publication  by  the  Committee  of  the  British  Association  on 
magnetic  reductions,  and  will  be  published  in  the  Annual  Report  for 
the  current  year. 

It  contains  references  to  all  localities  on  the  surface  of  the  globe 
where  continuous  observations  of  terrestrial  magnetism  have  been 
made  for  periods  of  at  least  one  month  in  duration,  and  gives,  together 
with  the  geographical  position  of  the  stations,  references  to  the  publi- 
cations where  the  results  of  such  observations  are  to  be  found,  as  well 
as  the  names  of  the  authorities,  whenever  these  could  be  ascertained. 

Falmouth  Magneto  graphs. — At  the  request  of  the  Secretary  of  the 
Royal  Cornwall  Polytechnic  Society,  the  specifications  for  the  magneto- 
graphs  supplied  to  the  Falmouth  Observatory  last  year,  which  were 
drawn  np  by  Mr.  Whipple,  have  been  revised  and  printed  with  illus- 
trations in  the  Animal  Report  of  that  Society  for  1886. 

Sectional  Lines. — In  addition  to  the  sectional  lines  obtained  for  the 
purpose  of  plotting  down  magnetic  observations  on  the  international 
scale,  as  suggested  by  General  Sir  J.  H.  Lefroy,  and  as  mentioned  in 
last  report,  the  Committee  have  had  a  number  of  copies  struck  off 
from  the  stone  on  tracing  paper  for  the  use  of  observers  who  may 
desire  to  make  tracings  of  existing  curves  on  the  same  scale. 

II.  Meteorological  Observations. 

The  several  self-recording  instruments  for  the  continuous  registra- 
tion respectively  of  atmospheric  pressure,  temperature,  aivd \i\x.\iv\!^\\?j  ^ 

\GL,  ILIJI.  -^ 
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wind  (direction  and  velocity),  bright  snnsbine,  and  rain,  have  been 
maintained  in  regular  operation  throngbont  tbe  year. 

The  standard  eye  observations  for  the  control  of  the  automatic 
records  have  been  duly  registered  during  the  year,  together  with  the 
daily  observations  in  connexion  with  the  U.S.  Signal  Service 
synchronous  system.  A  summary  of  these  observations  is  given  in 
Appendix  II. 

The  tabulation  of  the  meteorological  traces  has  been  regularly 
carried  on,  and  copies  of  these,  as  well  as  of  the  eye  observations, 
with  notes  of  weather,  cloud,  and  sunshine  have  been  transmitted 
to  the  Meteorological  Office. 

The  following  is  a  summary  of  the  number  of  meteorological  obser- 
vations made  during  the  past  year : — 

BeadiDgs  of  standard  barometer 2540 

„           dry  and  wet  thermometers 8465 

„           maximum    and    minimum   thermo- 
meters      730 

„           radiation  thermometers   880 

„           rain  gauges    730 

Cloud  and  weather  observations 1877 

Measurements  of  barograph  curves 8740 

„                 dry  bulb  thermograph  curves . .  9395 

„                 wet  bulb  thermograph  curves. .  8665 

„                 wind  (direction  and  velocity). .  17242 

rainfall  curves 680 


»i 


In  compliance  with  a  request  made  by  the  Meteorological  Council 
to  the  Committee,  Mr.  Whipple  visited  and  inspected  during  his 
vacation  the  Observatories  at  Falmouth  and  Valencia,  and  the  Anemo- 
graph at  Mount  joy  Barracks,  Dublin. 

Mr.  Baker  also  visited  the  Aberdeen  and  Stonyhurst  Observatories 
for  the  purpose  of  inspection. 

With  the  sanction  of  the  Meteorological  Council,  weekly  abstracts 
of  the  meteorological  results  have  been  regularly  forwarded  to,  and 
published  by  *  Tlie  Times '  aud  *  The  Torquay  Directory.'  Data 
have  also  been  supplied  to  the  Council  of  the  Royal  Meteorological 
Society,  the  editor  of  *  Symons's  Monthly  Meteorological  Magazine,' 
the  Secretary  of  the  Institute  of  Mining  Engineers,  Captain  Abney, 
Messrs.  Gwilliam,  Rowland,  and  others.  The  cost  of  these  abstracts 
is  borne  by  the  recipients. 

The  standard  barometer  (Adie  657)  was  fixed  in  the  magnetograpb 
room  adjacent  to  the  barograph,  and  read  five  times  daily  at  observa- 
tion hours,  in  order  to  compare  its  indications  with  those  of  the 
standard  barometer  in  another  part  of  the  building. 
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Readings  were  continuoiislj  made  from  January  I  to  Jaly  last,  and 
are  now  under  discnssion. 

Tnrf  bas  been  laid  down  under  the  screen  of  the  thermograph  with 
a  view  to  avoiding  effects  of  radiation  as  much  as  possible. 

The  use  of  meteorological  self-recording  instruments  having  been 
partially  discontinued  at  Armagh,  Mr.  Whipple  dismounted  and 
packed  the  barograph  and  thermograph,  and  they  have  been  returned 
for  storage  to  the  Observatory. 

Elecii'ograph. — The  new  quadrant  electrometer,  constructed  on  Mr. 
de  la  Rue*s  principle,  with  Professor  Clifton's  improvements,  together 
-with  a  chloride  of  silver  battery  of  60  cells,  for  the  purpose  of  main- 
taining the  potential  of  the  quadrants  at  a  certain  point,  gave  great 
satisfaction  during  the  year,  and  was  found  to  bo  a  marked  improve- 
ment upon  the  older  form  of  the  instrument. 

On  September  2,  during  a  high  wind,  a  part  of  the  instrument  was 
accidentally  set  on  fire  by  the  gas-burner,  and  the  apparatus  narrowly 
escaped  destruction. 

Before  re-starting  the  instrument  it  is  proposed  to  make  some 
minor  alterations,  suggested  by  experience,  in  the  recording  appara- 
tus, &c. 

The  portable  Thomson  electrometer  (White  No.  53)  having  been 
put  in  thorough  order,  has  been  lent,  in  accordance  with  instructions 
received  from  the  Meteorological  Council,  to  the  Hon.  Ralph 
Abercromby,  for  the  purpose  of  making  observations  on  the  Peak  of 
Teneriffe. 

Mr.  Abercromby  visited  the  Observatory  for  the  purpose  of  fami- 
liarising himself  with  the  use  of  the  instrument,  the  scale  value 
having  previously  been  redetermined,  by  the  kindness  of  the  Chair- 
man, at  his  laboratory  in  Portland  Place. 

III.  Solar  Observations. 

The  sketches  of  Sun-spots,  as  seen  projected  on  the  photoholiograph 
screen,  have  been  made  on  180  days,  in  order  to  continue  Schwabe's 
enumeration,  the  results  being  given  in  Appendix  II,  Table  IV. 

Transit  Observatums. — 347  observations  of  solar  and  80  of  sidereal 
transits  have  been  taken,  for  the  purpose  of  keeping  correct  local  time 
at  the  Observatory,  and  the  clocks  and  chronometers  have  been  com- 
pared daily. 

The  following  clocks,  French,  Shelton  K.  0.,  Shelton  35,  and  the 
chronometers^  Molynenx  No.  2125,  Breguet  No.  3140,  and  Arnold  8(5, 
are  kept  carefully  rated  as  time-keepers  at  the  Observatory. 

The  mean-time  clock.  Dent  2011,  was  bolted  to  the  wall  of  the 
chronometer-room  for  use  in  daily  comparisons  with  the  chronometers 
on  trial. 
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Old  Solar  Observations. — The  library  of  the  Observatory  has 
received  a  present  from  Wm.  J.  Davies,  Esq.,  of  a  MS.  volume  of  sun- 
spot  observations  made  at  Edmonton,  Middlesex,  from  Angnst,  1819, 
to  March,  1823.  It  is  intended  to  enumerate  the  spots  after  the 
Schwabe  method,  so  as  to  carry  the  Observatory  catalogue  of  the  new 
groups  of  sun-spots  back  to  1819. 

Keto  Solar  Photographs. — ^At  the  request  of  the  Chairman,  the  MS. 
sun-spot  measurements  and  reductions  from  February,  1862,  to 
December,  1863,  together  with  the  tables  for  computing  the  spotted 
positions,  as  well  as  the  Kew  working  catalogues  from  1864  to  1872, 
have  been  forwarded  to  Mr.  A.  L.  Soper  for  the  purpose  of  further 
discussion. 

IV.  Experimental  Work. 

Photo-nephograph. — The  cameras  used  in  eloud  photography  having' 
been  put  in  order,  and  had  new  adjustable  rapid  shutters  fitted,  were 
again  brought  into  use,  and  by  i*equest  of  the  Meteorological  Council 
24  sets  of  photographs  comprising  90  negatives  were  taken  on  14 
days,  chief  attention  being  directed  to  the  photographing  of  high  cirrus 
clouds. 

Prints  of  all  the  pictures  have  been  made  on  cyanotype  paper, 
which  together  with  the  observational  data  have  been  transferred  to 
the  Meteorological  Office  for  the  reduction  and  computation  of  cloud 
heights  and  velocities.  Professor  Stokes's  cloud  projection  apparatus 
having  also  been  transferred  there  for  the  purpose. 

Solar  Badtatioii. — The  observations  of  the  black  bulb  thermometers 
in  vacuo  made  during  1886  were  reduced  and  discussed,  and  the 
results  found  to  be  no  more  satisfactory  than  those  obtained  in  pre- 
vious years,  the  vacua  in  all  of  the  instruments  having  deten orated, 
and  tlieir  readings  having  become  lowered  during  the  time  they  were 
under  observation,  whilst  the  readings  differed  considerably  amongst 
themselves. 

The  Chairman  having  undertaken  to  submit  the  tubes  to  a  lengthy 
exhaustion,  three  instruments  were  fitted  with  new  jackets  and  sealed 
on  to  the  air-pump  in  his  laboratory. 

They  were  there  exhausted  almost  daily,  the  atmospheric  pressure 
being  reduced  to  and  maintained  at  about  0*06  M  from  April  to  the  end 
of  September.  On  October  1st  they  were  removed  from  the  laboratory 
and  replaced  on  the  stand  at  the  Observatory,  having  been  read  daily 
ever  since. 

Large  differences  are  still  found  to  exist  in  the  readings  of  the 
similar  and  similarly  placed  instruments. 

Pendulum  Experiments. — The  Indian  Pendulum  Apparatus,  returned 
from  the  United  States  by  Professor  Peirce,  was  put  up  in  the  pen- 
dalum  room  specially  erected  for  its  accommodation  in  the  South  Hal) 
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of  the  Observatory,  and  certain  preliminarj  swings  made  in  the  pre- 
sence of  both  General  Walker  and  Colonel  Heaviside,  R.E.,  which 
sofficed  to  show  that  the  apparatus  had  not  undergone  any  material 
changes  since  it  left  Kew  in  1881. 

It  was,  however,  found  that  the  vacuum  chamber  had  received  such 
structural  damage  in  transit  as  to  render  it  incapable  of  exhaustion  to' 
a  suflficiently  high  degree  to  make  the  observations  comparable  with 
those  previously  made  by  Captains  Basevi  and  Heaviside.  It  was 
accordingly  returned  to  the  maker,  Mr.  Adio,  of  London,  for  thorough 
repair,  and  has  recently  been  again  erected  in  its  place,  and  found  in 
a  very  satisfactory  condition,  so  that  the  required  preliminary  obser- 
vations may  now  be  re-commenced. 

By  the  kindness  of  Mr.  W.  H.  Preece,  F.R.S.,  the  Committee  were 
favoured  with  the  loan  of  a  recording  chronograph  for  use  in  register- 
ing the  coincidences.  Experience  proved  that  it  was  unnecessary, 
and  the  apparatus  has  since  been  returned  to  the  General  Post  Office. 

At  the  suggestion  of  Colonel  Heaviside,  photographs  of  the  invaria- 
ble pendulums  were  obtained  on  their  removal  from  their  cases  after 
travelling,  in  order  that  a  memorandum  might  be  preserved  of  their 
figure  and  shape  on  their  return  to  the  Kew  Observatory. 

V.  Verification  of  Instruments. 

The  following  magnetic  instrumenta  have  been  purchased  on  com- 
mission and  their  constants  determined : — 

An  Inclinometer  for  the  Tokio  University,  Japan. 
An  Inclinometer  for  the  Mauritius  Observatory. 

1  CoUimating  Magnet  for  Professor  F.  Brioschi,  Home. 

2  CoUimating  Magnets    and   an  Inclinometer   for   Professor 
Naccori,  Turin  University,  Italy. 

1  Magnet  for  declination  and  a  pair  of  Inclinometer  needles 
for  Lisbon  Observatory. 

The  total  number  of  other  instruments  compared  in  the  past  year 
^v^as  as  follows  : — 

Air-meters     5 

Anemometei*s 3 

Aneroids 83 

Artificial  Horizons 2 

Barometers,  Marine 89 

„            Standard 41 

Station 26 

Compasses 2 

Carried  forward ^1"^^ 
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Broaglit  forward    251 

Hydrometers 274 

ruclinometers   3 

MagDets 6 

Rain  G^ages 7 

Range  Finders 17 

Sextants 145 

„         Shades  52 

Sunshine  Recorders 2 

Theodolites   11 

Thermometers,  Arctic 98 

„             Avitreoas 2641 

„              Chemical     95 

Clinical   8668 

„              Deep  sea 35 

„              Meteorological 1870 

„              Mountain    30 

„              Solar  radiation 9 

„              Standards 43 

XJnifilars 4 


Total 13,761 

Duplicate  copies  of  corrections  have  been  supplied  in  75  cases. 

The  number  of  instruments  rejected  on  account  of  excesBiye 
error,  or  which  from  other  causes  did  not  record  with  sufficient 
accuracy,  was  as  follows : — 

Thermometers,  clinical 64 

„  ordinary  meteorological 50 

Various    232 

5  Standard  Thermometers  have  also  been  calibrated,  and  supplied 
to  4  societies  and  individuals  during  the  year. 

There  are  at  present  in  the  Observatory  undergoing  verification, 
21  Barometers,  462  Thermometers,  2  Hydrometers,  and  10  Sextants. 

The  Committee,  after  considering  the  question  of  certifying  the 
various  and  numerous  classes  of  instruments  on  the  hydrometer  prin- 
ciple, have  authorised  the  Superintendent  of  the  Observatory  to  refuse 
to  verify  any  instruments  except  such  as  either  indicate  specific 
gravities  directly  or  whose  indications  bear  a  known  and  well-defined 
relation  to  specific  gravities. 

Several  patterns  of  range-finders,  for  use  both  at  sea  and  on  shore, 
have  also  been  tested  ;    two  additional  movable  adjustable  collimators 
with  scales  having  been  fitted  to  the  sextant  testing  apparatus,  to 
enable  it  to  be  used  for  this  purpose. 
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Aneroid  Altitude  Scales. — The  Committee  have  also  had  their  atten- 
tion called  to  the  fact  that  several  scales  are  in  use  for  graduating  the 
8cales  of  heights  upon  the  dials  of  aneroids.  Upon  consideration  the 
Committee  recommend  as  desirable  the  employment  of  Sir  G.  B.  Airy's 
scale,  published  in  1867,  and  the  equivalent  metric  scale,  in  all  cases 
where  possible. 

Two  highly  sensitive  aneroids  with  Bourdon  tubes  substituted  for 
the  ordinary  corrugated  vacuum  boxes,  constructed  by  MM.  Richard, 
Fr^res,  of  Paris,  have  been  examined  for  constancy  at  the  request  of 
the  Meteorological  Council.  It  was  found,  however,  that  the  metal 
of  the  tubes  underwent  changes  similar  to  those  experienced  by  the 
usual  aneroid  boxes,  and  the  instruments  were  therefore  liable  to  the 
same  errors  as  the  common  aneroid. 

A  Beckley  Bain  Gauge  was  obtained,  fitted  with  a  Stony  hurst  dis- 
charger, and,  after  due  trial,  sent  to  the  Mauritius  Observatory,  where 
an  opportunity  will  be  afforded  of  noting  the  behaviour  of  the  im- 
proved instrument  during  tropical  rains. 

Hygrometers. — Dr.  Doberck,  the  Director  of  the  Hong  Kong  Obser- 
vatory, having  obtained  a  Royal  Society  grant  for  the  purpose  of 
re-calcolating  Hygrometric  tables,  Mr.  Whipple  procured  and  for- 
warded to  him  examples  of  Alluard's,  Crova's,  and  Dines'  instruments, 
after  making  preliminary  observations  at  Kew. 

Hot  Springs. — Mr.  G.  J.  Symons,  F.R.S.,  having  received  a  grant 
from  the  Government  Grant  Fund  of  the  Royal  Society,  for  the  pur- 
pose of  investigating  the  temperatures  of  certain  hot  springs  in  the 
South  of  France  and  the  Pyrenees,  had  a  number  of  specially  pre- 
pared thermometers  carefully  verified  at  the  Observatory,  both  before 
and  after  he  had  made  use  of  them  abroad. 

Anemometer  Constants. — At  the  request  of  Colonel  Knight,  F.R. 
Met.  Soc,  a  number  of  comparisons  with  the  standard  Anemometer 
were  made  of  a  small  Robinson's  Anemometer  he  had  constructed, 
having  cups  fitted  to  arms  of  variable  length,  and  the  moving  parts 
provided  with  friction  rollers. 

Anemographs. — Mr.  Whipple  has,  at  the  request  of  the  Imperial 
Chinese  Customs,  supei*intended  the  construction  of  a  new  Beckley 
Anemograph  for  use  at  Formosa,  as  well  as  a  similar  instrument  for 
Dr.  A.  S.  Viegas,  of  the  Coimbra  Observatory,  and  two  smaller 
instruments  for  the  Meteorological  Council. 

Navy  Telescopes. — By  the  kindness  of  the  Astronomer  Royal  the 
Kew  Observatory  has  been  favoured  with  descriptions  of  the  tests 
applied  to  Navy  telescopes  supplied  by  contractors  to  H.M.  Service, 
and  also  with  descriptions  of  the  apparatus  employed  at  the  Royal 
Observatory,  Greenwich,  for  applying  the  tests. 

A  standard  Admiralty  telescope  has  been  purchased,  and  the  neces- 
sary appliances  are  now  being  constructed,  with  the  view  of  enabling 
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the  Committee  to  apply  similar  tests  to  telescopes  submitted  to  them 
for  verification  by  opticians  and  others. 

VI.  Rating  of  Watches. 

The  arrangements  for  rating  watches  mentioned  in  previous 
Reports  have  been  carried  on  during  the  year  with  continued  success, 
and  up  to  the  present  1344  watches  have  been  examined  and  reported 
upon. 

510  entries  of  watches  were  made  as  contrasted  with  490  during 
the  corresponding  period  of  last  year.  They  were  sent  for  testing 
in  the  following  classes : — 

For  class  A,  463 ;  class  B,  25  ;  and  class  C,  22. 

Of  these  1 74  failed  to  gain  any  certificate ;  19  passed  in  C,  21  in  B, 
29G  in  A,  and  13  of  the  latter  obtained  the  highest  possible  form  of 
certificate,  the  class  A  especially  good. 

In  Appendix  III  will  be  found  statements  giving  the  results  of 
trial  of  the  26  watches  which  obtained  the  highest  numbers  of  marks 
during  the  year,  the  premier  position  being  attained — with  88*1  marks 
— by  a  keyless,  double-roller,  going-barrel  watch,  submitted  by  Jos. 
White,  Earlsdon,  Coventry. 

This  total  exceeds  that  of  last  year,  and  it  is  also  extremely  satis- 
factory to  note  that  a  very  marked  increase  has  taken  place  in  the 
number  of  watches  which  have  gained  more  than  80  marks. 

As  some  inconvenience  was  caused  by  the  employment  of  tempo- 
rary expedients  to  maintain  the  large  watch-safe  at  an  average  of 
65°  F.  for  the  "  middle- temperature  "  test,  a  burner  was  procured  and 
fitted  up  with  a  shield,  and  the  safe  can  now  be  kept  at  the  desired 
point,  whilst  at  the  same  time  no  deleterious  fames  of  coal-gas  can 
penetrate  into  the  interior  chamber. 

The  three  rating  safes  are  therefore  now  maintained  by  means  of 
gas  and  ice  at  practically  the  three  constant  temperatures  of  4^°,  65*, 
and  90**  F.  respectively,  all  the  year  round. 

Special  attention  continues  to  be  given  to  the  examination  of  pocket 
chronographs,  in  accordance  with  the  request  of  the  Cyclists*  Union. 

Bating  of  Chronometers, — Since  the  institution  of  chronometer 
trials,  as  mentioned  in  last  year's  Report,  27  movements  have  been 
examined,  and  certificates  issued  giving  the  mean  daily  rate  and 
variation  of  rate  at  each  change  of  temperature. 

The  trial  occupies  35  days,  divided  into  5  periods  of  6  days  each, 
and  5  intermediate  days,  namely,  I  day  at  the  commencement  of  each 
period  of  test : — 
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Ist  period.     Chronometer  at  temperature  of  55°  F.  or  13°  C. 

2nd     „  „  „  70°      „     21° 

3rd 

4tli 

5tli 

Certificates  are  granted  to  chronometers  which  have  undergone 
35  days'  test  as  specified  above,  and  whose  performance  is  such 
that  :— 

1.  The  mean  of  the  differences  in  each  stage  of  the  examination, 
between  (a)  the  average  daily  rate  during  that  period,  and  (6)  the 
several  daily  rates,  does  not  exceed  one  second  in  any  one  of  the 
stages. 

2.  The  mean  daily  rate  has  not  been  affected  by  change  of  tem- 
perature more  than  one-sixth  of  a  second  per  1°  F.,  which  is  about 
a  quarter  of  a  second  per  1°  C. 

3.  The  mean  daily  rate  has  not  exceeded  ten  seconds  in  any  stage 
of  the  test. 

A  Kullberg's  temperature  regulator  has  been  fitted  by  the  maker  to 
the  chronometer  oven,  and  a  Kichard  thermograph  is  also  airanged 
to  work  in  the  case  with  the  chronometers,  affording  a  continuous 
record  of  the  temperatures  which  they  have  experienced  during  the 
whole  of  their  trial. 

The  range  of  temperature  from  55°  to  85°  F.,  to  which  the  marine 
chronometers  are  submitted,  has  been  decided  upon  after  careful 
consideration,  as  being  amply  sufficient  for  determining  the  behaviour 
of  chronometers  under  conditions  to  which  they  are  usually  exposed 
at  sea,  and  no  serious  objections  have  yet  been  received  from  makers 
or  others  to  the  adoption  of  the  above  range. 

VII.  Miscellaneous. 

Fhotographic  Paper,  ^c. — This  has  been  supplied  to  the  Observa- 
tories at  Coimbra,  Colaba,  Falmouth,  Lisbon,  Mauritius,  Stonyhurst, 
and  Toronto.  It  has  also  been  supplied  to  the  Meteorological  Office, 
the  U.S.  Navy  Department,  and  others. 

Anemograph  sheets  have,  in  addition,  been  forwarded  to  Madras, 
and  blank  forms  for  the  entry  of  observations  to  several  persons. 

Extension  of  Building. — The  Committee  having  decided  on  building 
an  additional  floor  on  the  east  wing  of  the  Observatory,  for  the  pur- 
pose of  providing  increased  space  for  carrying  on  the  Observatory 
work,  now  very  much  cramped,  have  obtained  from  the  Council  the 
promise  of  a  loan  of  £200  if  needed. 

Application  has  therefore  been  made  to  the  Chief  Commissioner  of 
Works  and  Public  Buildings  for  permission  to  proceed  with  the  work, 
bnt  the  reply  granting  leave  has  not  yet  been  received. 
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Mr.  Whipple  has  recently  designed  two  new  simple  forms  of  maxi- 
mum pressure  anemometers,  which  he  exhibited  before  the  Eojal 
Meteorological  Society,  and  described  in  a  paper  read  on  April  20th.* 
They  were  also  shown  at  the  Fal month  Exhibition  of  the  Eoyal 
Cornwall  Polytechnic  Society  in  September. 

Stevensori's  Screen. — The  Stevenson's  screen  fixed  on  the  lawn  was 
blown  over  during  the  gale  of  September  2nd  last,  but  fortunately  the 
injury  done  by  the  accident  was  very  trivial,  as  the  screen  waa  not  in 
use  at  the  time. 

Exhibitions, — Photographic  curves  and  pictures  have  been  by 
request  shown  at  the  Exhibition  at  Newcastle-upon-Tyne  and  the 
Royal  Jubilee  Exhibition,  Manchester. 

Library, — During  the  year  the  library  has  received  as  presents  the 
publications  of — 

26  Scientific  Societies  and  Institutions  of  Great  Britain  and  Ire- 
land, and 

98  Foreign  and  Colonial  Scientific  Establishments,  as  well  as 
numerous  private  individuals  % 

the  special  thanks  of  the  Committee  being  due  to  Dr.  Neumayer, 
the  Director  of  the  Deutsche  Seewarte,  Hamburg,  for  a  complete 
set  of  the  publications  of  that  establishment  since  1876. 

Workshop, — The  machine  tools  procured  for  the  use  of  the  Kew 
Observatory  by  grants  from  the  Government  Grant  Fund  or  the 
Donation  Fund,  have  been  kept  in  thorough  order. 

House,  Grounds,  and  Footpath, — These  have  all  been  kept  in  order 
during  the  year. 

Personal  Establishment. 

The  staff  employed  is  as  follows  : — 

G.  M.  Whipple,  B.Sc,  Superintendent. 

T.  W.  Baker,  Chief  Assistant. 

H.  McLaughlin,  Librarian. 

E.  G.  Constable,  Observations  and  Rating. 

W.  Hugo,  Verification  Department. 

M.  Baker,  Messenger  and  Care-taker,  and  nine  other  Assistants. 

(Signed)  Warren  de  la  Rub,  Chairman. 

November  2bth,  1887. 

•  See  *  Quart.  Jour.  Roy.  Met.  Soc.,*  toI.  13,  p.  224. 


Baport  of  Ute  Kew  Committee. 


Mi 


jga"  I 


Is 

11 

IP, 

Hi 


ml 
Ml 


a 


|||j=3S2|| 


111 


Irillssi 

SS     Musses 


ll 
ti 

11 


a    p 


! 

^  lltJ 

laflll^l 


224  Report  of  tfie  Kew  Co9nmittee. 

APPENDIX  I. 

Magnetic  Observations  made  at  the  Kew  Observatory,  Lat  51°  28'  6"  K. 
Long.  0^  1"  IS"!  W.yfor  the  year  October  1886  to  September  1887. 

The  observations  of  Deflection  and  Vibration  given  in  the  annexed 
Tables  were  all  made  with  the  Collimator  Magnet  marked  K  C  1,  and 
the  Kew  9-inch  Unifilar  Magnetometer  by  Jones. 

The  Declination  observations  have  also  been  made  with  the  same 
Magnetometer,  Collimator  Magnets  101  B  and  N  E  being  employed  for 
the  purpose. 

The  Dip  observations  were  made  with  Dip- circle  Barrow  No.  33,  the 
needles  1  and  2  only  being  used ;  these  are  3^  inches  in  length. 

The  results  of  the  observations  of  Deflection  and  Vibration  give  the 
values  of  the  Horizontal  Force,  which,  being  combined  with  the  Dip 
observations,  furnish  the  Vertical  and  Total  Forces. 

These  are  expressed  in  both  English  and  metrical  scales — the  unit  in 
the  first  being  one  foot,  one  second  of  mean  solar  time,  and  one  grain ; 
and  in  the  other  one  millimetre,  one  second  of  time,  and  one  milligramme, 
the  factor  for  reducing  the  English  to  metric  values  being  0'46108. 

By  request,  the  corresponding  values  in  C.G.S.  measure  are  also  given. 

The  value  of  log  a-'K  employed  in  the  reduction  is  1*64365  at  tem- 
perature 60"  F. 

The  induction-coefficient  ;*  is  0*000194. 

The  correction  of  the  magnetic  power  for  temperature  ^^  to  au 
adopted  standard  temperature  of  35°  F.  is 

0-0001194(^0-35) +0-000,000,213(^0-35)'. 

The  true  distances  between  the  centres  of  the  deflecting  and  deflected 
magnets,  when  the  former  is  placed  at  the  divisions  of  the  deflection- 
bar  marked  10  foot  and  1*3  feet,  are  1*000075  feet  and  1*300097  feet 
respectively. 

The  times  of  vibration  given  in  the  Table  are  each  derived  from 
the  mean  of  14  observations  of  the  time  occapied  by  the  magnet  in 
making  100  vibrations,  corrections  being  applied  for  the  torsion- force 
of  the  suspension-thread  subsequently. 

No  corrections  have  been  made  for  rate  of  chronometer  or  arc  of 
vibration,  these  being  always  very  small. 

The  value  of  the  constant  P,  employed  in  the  formula  of  reduction 

In  each  observation  of  absolute  Declination  the  instrumental  read- 
ings have  been  referred  to  marks  made  upon  the  stone  obelisk  erected 
1,250  feet  north  of  the  Observatory  as  a  meridian  mark,  the  orientation 
of  which,  with  respect  to  the  Magnetometer,  has  been  carefully 
determined. 

The  obBerrationa  have  been  made  and  reduced  by  Mr.  T.  W.  Baker. 
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Table  I. 
Obgervationa  of  Dip  or  Inclination. 


Month. 

Mean 
Inclinution. 

Month. 

Inrtinnlion. 

1886. 

»OTen.b«  2 

3 

6>    37'5 
67    39-0 

1887. 

April         25 

27. 

28 

Mean 

Maj         24 

26 

Uesn 

June         24 

25 

Uean 

July          26 

28 

Mean 

Augn.t      26...... 

«»■" 

24 

Mean 

67    37'-9 
67    85-4 
67     35-5 

Mbm 

67    S8-3 

67    36-3 

67    37-2 
67    87-7 

26 

67    86-8 

67    37-5 

Ham 

67    37-5 

67    87-2 

67    iO-S 
67    39-4 
67    88-0 

29 

30 

67    35-0 
67    35-7 

M«.n 

67    39-8 

67    35-8 

67    35-8 
67    35  0 

67    35-3 

1N87. 

Jumtfj    26 

36 

67    38-0 
67    36-6 

Meui 

67    37-3 

67    35  6 
67    36-2 

22 

C7    39-0 
67    37-1 
67    38-4 

23 

67    359 

67    88 -a 

Mwn 

67    3o-7 
67    37-5 

llu«h       22 

67    37-8 
67    37-1 

23 

67    36  6 

67    37-5 

Mein 
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Table  II. 
Observations  for  the  Absolute  Measurement  of  Horizontal  Force. 


Month. 

mean. 

Log  mX. 
mean. 

Value  of  *»•. 

1886. 
NoTCUxber  4th 

9  12210 
9-12069 
9-12105 

9  -12141 
9-12077 
9-12078 
9-12060 
9-12063 
9-12080 
9  -12061 
9-12052 
9-12003 

0-30690 
0-30786 
0  -30767 

0 -30785 
0-30799 
0-30799 
0-30816 
0-30835 
0  -30S24 
O-30«15 
0-30766 
0-80803 

0-51820 

29th    

December  31  st 

0-51794 
0*51804 

1887. 
January  27t}i 

0-51836 

February  24th 

0-51806 

March  28th 

0 -51806 

April  25th 

0-51806 

Maj  3l8t 

0-51819 

June  29th  and  30th 

July  29th 

0  -51823 
0-51806 

August  30th  and  Slst . . . . 
September  23rd    

0  -51771 
0-51764 

Table  III. — Solar  Diurnal  Range  of  the  Kew  Declination  as  derivi 

graphically  from  selected  quiescent  days. 


Hour. 


1887. 
Midnight 


■% 

X 


2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

Noon 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 


Summer 
mean. 


-0-9 
-10 
-1-4 
-1-8 
-2-2 
-30 
-4-2 
-4-8 
-4-4 
-3-3 
-0-4 
+  3-7 
+  6-3 
+  6-4 
+  5-8 
+  4 
+  2 
+  1 
+  0-2 
0  0 
-0-2 
-0-3 
-0-5 
-0-8 


Winter 
mean. 


1 
2 

0 


6 
•3 
•3 
•4 
•3 
•2 
-4 
•0 


-1- 

-1 

-1 

-1 

-1 

-1 

-1 

-2 

-2-3 

-2-3 

-0-9 

+  1-4 

+  3-4 

+  3-9 

+  3  3 

+  21 

+  1-1 

+  0-4 

+  0-3 

+  01 

-0-3 

-0-8 

-1-4 

-1-5 


Annual 
mean. 


-1-3 
-1-2 


•4 
6 
•8 
•1 

•8 

'4 
•4 


-1 
-1 
-1 
-2 
-2 
-3 
-3 
-2-8 
-0-7 
+  2-6 
+  4-9 
+  51 
+  4-6 
+  31 
+  1-6 
+  0-7 
+  0-3 
00 
-0-3 
-0-6 
-10 
-1-2 


*  irb  magnetic  moment  of  yibrating  magnet. 
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Tabic  IV. 
nmmary  of  Sun-spot  Observations  mado  at  tlie  Kow  Observatory. 


Mouths. 


1880. 

October 

NoTember .... 
December .... 


1887. 


Janiiniy  . 
February. 
March . . . 


April 
May. 


June 


July 

Aug^Kt .  .  . 
September. 


Tolala 


Days  of 
obserration. 


14 

8 

13 


21 
23 
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List  of  Instrnments,  Apparatus,  <&c.,  the  Property  of  the  Kew  Com- 
mittee, at  the  present  date  out  of  the  custody  of  the  Superintendent, 
on  Loan. 


• 


To  whom  lent. 


G.  J.  Symons,  F.R.S. 

The  Science  and  Art 
Department,  South 
Kensington. 


Lieutenant  A.  Gordon, 
E.N. 


General  Sir  H.  LefroY, 
xC.A.,  f^.xC.S* 

ProfcMor  W.  Grjlls 
Adams,  F.K.S. 

Professor  O.  J.  Lodge 


Mr.  W.  F.  Harrison . 

Captain   W.   de   W. 
Abney,  F.R.S. 

Professor  Rucker  . . . 


Lord  Rajlcigh 

University  of  Japan. 


Articles. 


Portable  Transit  Instrument , 

The  articles  specified  in  the  list  in  the  Annual 
Report  for  1876,  with  the  exception  of  the 
Photo-HeliogT&ph,  Pendulum  Apparatus, 
Dfp- Circle,  CFniBlar,  and  Hodgkinson's  Acti- 
nometer. 

Unifilar  Magnetometer  by  Jones,  ^o,  102, 
complete,  with  three  Magnets  and  Deflection 
Bar. 

Dip-Circle,  by  Barrow,  one  Pair  of  Needles, 
and  Magnetizing  Bars. 

One  Bifllar  Magnetometer. 

One  Declinometer. 

Two  Tripod  Stands. 

Toronto  Daily  Registers  for  1850-3 

Unifilar  Magnetometer,  by  Jones,  No.  101, 
complete. 

Unifilar  Magnetometer,  by  Jones,  No.   106, 

complete. 
Barrow  Dip-Circle,  No.  23,  with  two  Needles, 

and  Magnetizing  Bars. 
Tripod  Stand. 

Condensing  lens  and  copper  lamp  chimney    . . 

Mason's  Hygrometer,  by  Jones 

Tripod  Stand 

Standard  Barometer  (Adie,  No.  655) 

Barrow*s  Inclinometer,  No.  24 


Date 
of  loan. 


1869 
1876 


1883 


1885 
1883 
1883 


1883 
1885 

1886 
1885 
1887 
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Decembers,  1887. 
ProfesBOP  G.  G.  STOKES,  D.C.L.,  President,  in  the  Chaip.       . 
Mp.  William  Whitaker  was  admitted  into  the  Society. 

The  President  annonnced  that  he  had  appointed  as  Yice-Ppesi- 

dents — 

The  Treasnrer. 
Sir  William  Bowman. 
Dp.  Fpankland. 
Sip  G.  H.  Richards. 
The  Earl  of  Rosse. 

The  Ppesents  peceived  wepe  laid  on  the  table,  and  thanks  opdered 
fop  them. 

The  following  Papeps  wepe  pead : — 

I.  "  On  the  Bone  in  Crocodilia  which  is  commonly  regarded  as 
the  Os  Pubis,  and  its  representative  among  the  Extinct 
Reptilia."  By  H.  G.  Seeley,  F.R.g.,  Professor  of  Geo- 
graphy  in  King's  College,  London.  Received  October  24, 
1887. 

Normally  three  elements  enter  into  the  consfcpaction  of  the  pelvic 
gipdle,  each  of  which  nnites  with  the  othep  two,  and  contpibntes  to  the 
fopmation  of  the  acetabulum  fop  the  femnp.  The  ilium  and  ischium 
ape  always  mope  op  less  ossified,  but  sometimes  the  pubis  remains 
reppesented  by  captilage  throughout  life.  Among  the  Amphibia  the 
pubis  is  often  in  this  cartilaginous  state  in  its  living  reppesentatives, 
so  that  only  two  bones  and  a  cartilage  usually  contribute  to  form  the 
articular  cup  for  the  femur.  Among  Urodeles  the  pubic  cartilage  is 
perforated  by  a  foramen,  which  corresponds  with  the  foramen  in  the 
ossified  pubis  of  a  lizard,  and  appears  to  carry  the  obturator  nerve ;  so 
that  its  identification  with  the  pubis  is  established.  But  the  pubis  and 
ischium  are  often  connate  ;  by  which  term  I  designate  that  embryonic 
state  in  which  no  division  of  the  primitive  cartilage  into  separate 
elements  has  occurred.  It  is  not  quite  so  evident  that  the  similarly 
placed  cartilage  in  certain  Anura  is  homologous  with  that  of  Urodeles, 
since  it  is  not  perforated  in  the  same  way ;  and  it  becomes  smaller  in 
aged  specimens  by  the  ischium  encroaching  upon  it.     It  is  absent  in 
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the  genus  Hyla ;  sQch.  absence,  considered  with,  the  presence  of  a  pubis 
in  Dactjlethra,  would  support  the  conclusion  that  the  pubis  and  ilium 
are  connate  in  Anura. 

In  the  joung  of  Crocodilia  the  same  three  elements  contribute  to 
the  formation  of  the  articular  cup  for  the  femur,  the  ilium  above,  the 
ischium  behind,  and  a  cartilage  in  front.  , 

Professor  Hoffmann*  regarded  this  cartilage  as  the  pubis,  and  then 
the  bone  which  is  anterior  to  it,  and  had  previously  been  identified  as 
the  pubis,  became  the  pre-pubis. 

Professor  Huxley  questioned  this  identification,  and  regarded  the 
bone  as  the  ossified  part,  and  the  cartilage  apparently  as  the  unossified 
portion  of  the  pubic  element  of  the  pelvis.f  This  cartilage  is  well 
known  to  decrease  in  dimensions  with  the  age  of  the  crocodile,  but  it 
does  not  disappear,  by  augmenting  the  extent  of  the  supposed  pubic 
bone ;  though  if  it  were  really  a  pubic  cartilage,  its  ossification  should 
cause  the  anterior  bony  element  to  extend  into  the  acetabulum.  But 
instead  of  disappearing  in  this  way,  ossification  has  the  effect  of  contin- 
uing to  exclude  the  supposed  pubic  bone  from  the  acetabulum ;  so  that 
the  c^.rtilage  in  the  young  animal  does  not  give  rise  to  a  separate  osseous 
element  in  the  adult,  but  disappears  by  so  ossifying  as  to  approximate 
the  ischium  and  ilium.  At  first  there  is  a  gap  between  the  ischium  and 
ilium  anteriorly,  which  the  cartilage  fills,  but  eventually  in  old  animals 
these  bones  almost  meet  each  other,  and  the  cartilage  is  ossified.  Thus 
in  the  adult  animal  the  acetabulum  is  formed  by  two  bones,  one  being 
the  ilium,  and  the  oth^jr  in  the  position  otherwise  occupied  by  the 
ischium  and  pubis.  Therefore  it  follows,  either  (1)  that  the  pubic 
cartilage,  if  originally  distinct  in  the  young,  becomes  incorporated 
by  ossification  with  the  ilium  and  ischium  ;  or  that  (2)  the  pubis  in 
crocodiles  does  not  enter  into  the  acetabulum,  but  is  a  pre-ac  stab  alar 
ossification.  I  am  aware  of  no  exception  to  the  law  that  the  pubis 
contributes  to  the  os  iunominaium  when  it  has  a  separate  existence, 
and  therefore  it  seems  to  me  more  probable  to  suppose  that  ischium 
and  pubis  should  be  connate,  like  the  same  elements  in  some  sala- 
manders, and  undivided,  than  that  crocodiles  should  so  differ  in  plan 
of  the  skeleton,  as  to  have  the  pubis  removed  from  connexion  with 
the  ilium,  and  from  the  acetabulum.  If  the  former  view  prevails,  then 
the  acetabular  cartilage  in  crocodiles  is  never  a  pubic  cartilage,  but 
only  the  unossified  part  of   the   ilium  or   ischio-pubic  bone  which 

•  *  Niederl.  Archi?  Zool.,'  toI.  3.  1876,  p.  144. 

t  *  Roy.  Soc.  Proc.,*  vol.  28, 1879,  p.  394.  Prof.  Huxley's  language  is  not  qmt« 
clear  on  this  point.  He  says  (p.  398)  "  It  is  the  osseous  portions  of  the  pubes 
which  are  commonly  described  as  the  entire  bone."  "  These  apparently  anomalous 
elements  of  the  peWis  are  readily  moveable  upon  their  fibro-cartilaginous  connexions 
with  the  acetabulum.  But  in  no  essential  respect  do  they  differ  from  ordinary 
pubes/' 
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ocoapies  the  place  of  the  pabis,  and  so  it  is  manifest  that  if  the  pubis 

enters  into  the  acetabnlnm  in  crocodiles,  it  mnst  be  fonnd  in  the 

anterior  process  of  what  is  commonly  named  the  ischium,  which  fills 

the  anterior  corner  of  the  pelvic  basin.     And  since  no  exception  to 

this  position  of  the  pubis  among  vertebrates  is  known,  by  which  it 

articalates  with  the  ilium,  the  corLclasion  is  legitimate,  in  the  absence 

of  evidence  to  the  contrary,  that  a  bone  which  does  not  unite  with  the 

ilium  by  bony  union,  and  which  is  carried  in  front  of  a  process  which 

occupies  the  usual  position  of  the  pubis,  cannot  be  the  pubic  bone.     It 

Would   be  equally  unprecedented  for   the   pubis   and  ischium  to  be 

connate  .in  a  reptile,  were  it  not  that  this  condition  is  already  esta* 

hlished  in  the  existing  Amphibia,  and  were  there  not  strong  reasons 

foT  regarding  the  crocodiles  as  descended  from  extinct  allies  of  the 

Amphibian  class ;  while  in  an  early  stage  of  development  all  the  pelvic 

elements  in  crocodiles  are  connate.     Hence  I  concur  with  Professor 

-ttiixley  in  regarding  Professor  Hoffmann's  identification  of  the  pelvic 

^<^tabular  cartilage  as  the  pubis  as  untenable. 

Professor  Hoffmann  regards  the  bone  which  is  commonly  identified 

^^  the  pubises  being  the  pre-pabis.*     Professor  Huxley,  on  the  other 

'^^nd,  regards  it  as  being  a  portion  of  the  pubis,  and  bases  his  iden- 

^^"Gcation  mainly  on  the  relations  of  this  bony  element  to  the  pelvic 

^^■^iiBcles.     There  is  an  d  priori  objection  to  the  latter  interpretation, 

use  it  would  introduce  a  joint  in  the  middle  of  the  pubis,  making 

part  connate  with  the  ischium,  and  the  other  part  a  free  bone.    Of 

^«»x5h  a  condition  I  am  not  aware  that  vertebrate  osteology  offers  any 

^3cample,  and  the  improbability  against  it  being  a  true  interpretation 

^^«ms  to   be   great.     That  a  bone  may  ossify  from  several  centres 

^s  evident  from  the  bones  of  Mammalia  and  certain  young  birds  and 

*^2ard8;  but  in  crocodiles  none  of  the  bones  are  thus  characterised, 

^^^d  therefore  I  can  only  conclude  with  Hoffmann,  that  the  ossifica- 

^*oix  is  a  distinct  element  of  the  skeleton,  which  is  connected  with  the 

J^^oic  portion  of  what  I  term  the  ischio-pabic  bone,  and  is  in  the 

P^^ition  of  the  pre-pubic  bone ;  but  it  does  not  necessarily  follow  that 

^^^  identical  with  the  pre-pubic  cartilage,  which  has  been  termed  by 

■^^flfinann  and  Huxley  the  epipubis.     For  the  cartilage,  whether  in 

^^phibians  or  Mammals,  is  developed  from  the  median  line  of  the 

*^^^ic    symphysis ;    while   in   crocodiles  the   pubes   do   not  form    a 

^^^"ciphysis,  because  they  are  not  developed  distally,  and  the  pre-pubic 

f**^Ccation  is  situate  immediately  below  the  acetabulum,  in  the  posi- 

.^^"^X  of  the  pectineal  process;  so  that  while  the  Amphibian  cartilage  is 

tihe  position  of  the  marsupial  bones  of  mammals,  the  crocodilian 

Professor  Haughton   (*  Ann.  Mag.  Nat.  Hist.,'  vol.  1,  1868,  p.  282)  bases  the 
^^*^cnclature  of  the  bones  on  the  muscular  anatomy,  and  terms  the  reputed  pubis 
^  marsupial  bone ;  the  ischium  then  becomes  the  ptibis ;  while  the  ilium  is  the 


^^Ui  in  its  anterior  part,  and  the  ischium  in  the  posterior  part. 


T  ^ 
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bone  corresponds  in  position  -with  the  pre-pabic  bone  of  Omithosaars, 
wbich  is  always  developed  on  the  anterior  pubic  border  towards  the 
acetabnlnm,  at  some  distance  from  the  pnbic  symphysis.  The  extinct 
allies  of  the  Crocodilia  may  throw  some  light  upon  the  nature  of  this 
ossification. 

First,  in  the  Teleosanria  the  bone  is  mnch  more  slender  and  less 
expanded  at  its  anterior  end,  in  all  the  species  from  the  Lias  and 
Lower  Oolitic  rocks.  The  diminution  in  size  of  the  bone  in  Oxford 
clay  representatives  of  the  g^np  is  more  marked,  and  in  some  nnde* 
scribed  types  in  the  collection  of  A.  Leeds,  Esq.,  is  reduced  to  a  mere 
bony  style  without  any  expansion  at  either  end,  comparable  in  form 
and  substance  to  a  lucifer  match.  One  stage  more  of  diminished  deve- 
lopment would  obliterate  the  bone  altogether,  but  no  such  condition 
has  yet  been  discovered.  It  has  the  same  osseous  attachment  as  in 
Crocodilia,  and  the  ischio-pubic  bone  is  of  the  same  type  in  Teleo* 
sauria  as  in  Crocodiles. 

In  the  Omithosauria  the  plan  of  the  pelvis  is  different.  First, 
there  is  the  complete  ossification  of  the  three  constituent  bones,  with 
the  ilium  prolonged  in  front  of  the  acetabulum  as  well  as  behind  it, 
the  ischium  and  pubis  united  by  symphysis,  and  all  three  bones  contri- 
buting to  form  the  imperforate  acetabulum.  Secondly,  there  is  a  pre- 
pubic  ossification  in  front  of  the  pubis,  with  a  narrow  attachment  below 
the  acetabulum.  These  pre-pubic  bones  vary  in  form  in  the  different? 
genera.  In  Dimorphodon  they  are  triangular;  in  Cycnorhamphua 
they  are  shaped  like  a  capital  ^,  and  so  expanded  anteriorly  that 

Pre-pubic  bones  of  Cymorhamphua  auevicu*, 
after  Quenstadt.     Restored. 


a  a 

a,  attachment  to  the  pubic  bones. 

the  cross  bars  from  the  two  sides  met  in  the  median  line ;  in  Rham- 
phorhynchus  the  shape  is  ^,  an  inverted  capital  [_,  but  the 
bones  of  the  two  sides  are  united  together  into  a  transverse  bow- 
sliaped  bar.  Other  modifications  are  found  in  the  group,  but  the 
most  common  are  approximations  to  the  form  of  the  pre-pubic  bones 
of  crocodiles.  Since  these  bones  have  the  same  relations  to  th^ 
puhes  which  the  pre-pubic  bones  of  crocodiles  exhibit,  I  regard  theok. 
as  being  bomologouBf  and  if  the  distal  part  of  the  Omithosauriai^ 
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pabia  were  not  developed,  the  homology  wo  aid  be  supported  bj  a 
Bimilar  plan  of  pelvic  construction. 

Finally,  thei*e  is  some  evidence  that  a  similar  structure  is  developed 
in  the  abdominal  region  of  the  allies  of  Iguanodon,  without  beiog 
in  direct  union  with  the  pelvis.  As  long  since  as  1841  Dr. 
Mantell,  F.B.S.,  figured  in  the  '  Philosophical  Transactions '  (PI.  8, 
fig.  2)  an  undetermined  Wealden  bone,  which  is  now  in  the  British 
Museum,  registered  as  No.  2218.  It  is  not  quite  perfect,  but  is  sug- 
gestively similar  to  the  pre-pubic  bones  of  Omithosaurs.  A  thick 
Butural  surface  shows  that  it  met  a  similar  boue  iu  the  median  line. 
Subsequently  Mr.  S.  H.  Beckles,  F.B.S.,  obtained  another  specimen 
into  which  two  such  bones  entered  as  constituents,  which  was  exhi- 
bited during  the  British  Association  Meeting  at  Brighton,  in  1872, 
and  ultimately  described  and  figured  by  Mr.  J.  W.  Hulke,  F.R.S.* 

Bones,  like  that  figured  by  Mantell,  have  long  been  in  the  British 
Museum.     And  Professor  Cope  has  figured  a  pair  of  similar  bones  in 
Didonius  mirahilis.f     Mr.  Hulke  interpreted  Mr.  Beckles'  specimen 
as  consisting  of  the  clavicles  and  interclavicle.  Mr.  W.  Davies,  P.G.S., 
had  interpreted  the  isolated  bones  like  MantelPs  No.  2218,  as  clavicles, 
and  his  determination  had  been  accepted  by  Professor  0.  C.  Marsh ; 
so  that  until  M.  DoUo  regarded  them  as  parts  of  the  sternum  they 
Iiad  been  regarded  as  clavicles.   Dr.  George  Baur,  of  Yale  College,  sub- 
aeqnently  in  1885'|'  suggested  that  the  supposed  sternal  apparatus  of 
Iguanodon  should  be  turned  round,  so  that  the  supposed  clavicles 
Mrould  become  posterior  processes  of  the  sfcemum,  and  this  view  has 
^een  supported  by  Cope  and  adopted  by  myself.     I  suppose  that  the 
interpretation  of  the  Beckles  specimen  was  a  consequence  of  its  con- 
dition of  preservation,  by  which  fractures  came  to  simulate  sutures. 
TThose  fractures  which  are  assumed  to  limit  the  clavicles,  so  as  to 
^llow  the  supposed  interclavicle  to  extend  between  them,  follow  very 
'^ifierent  courses  from  the  natural  limits  of  the  bones.     If  Mantell's 
dossil  already  referred  to  is  superimposed  upon  Mr.  Beckles*  spe- 
^nmen,  then  it  is  manifest  that  the  broad  part  of  the  specimen  is  made 
^ip  of  two  such  bones  which  meet  by  median  suture,  and  extend  for 
'^wo-thirds  the  length  of  the  specimen.      Some  trace  of  the  trans- 
averse  suture  may  perhaps  be  seen  which  separates  those  bones  from  a 
^hin  ossification  which  extends  beyond  them.     Hence  there  can  be  no 
^terclavicle  between  the  supposed  clavicles  ;  and  the  evidence  for  the 
identification  of  the   clavicles   disappears.      Turning   the    specimen 
'QO  that  the  supposed  clavicles  point  posteriorly,  they  will  be  found 
'iiO  make   a  remarkable    approximation  in  form  to   the    pre-pubic 


•  *  Geol.  Soo.  Quart.  Joum.,'  toL  41, 1885,  PI.  XIV,  p.  473. 
t  '  American  Naturalist,'  Feb.  1886,  p.  154. 
{  '  Zoologischer  Anveiger/  No.  205,  p.  661. 
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?  Fre-pubic  bones  of  Iguanodon,  restored  from  Na  2218,  Brit.  Mus. 

boDes  of  the  crocodile.  Professor  Haxlej*  6giired  the  ventral  aspect 
of  a  Crocodilus  acutus  at  about  the  close  of  embryonic  life,  in 
which  a  considerable  fibrons  development  was  found  anterior  to  each 
pre-pubic  bone.  This  condition  varies  with  age.  In  a  large  adult 
crocodile  from  Abyssinia,  in  the  British  Museum,  the  fibro-cartilages 
anterior  to  the  pre-pubic  bones  are  united  in  the  mesial  line,  ante- 
riorly, so  as  to  form  one  mass.  A  similar  condition  is  seen  in 
younger  specimens.  And  if  such  a  structure  were  sufficiently  ossified 
to  be  preserved  in  a  fossil  state,  it  would  closely  reproduce  the  form  of 
the  anterior  portion  of  Mr.  Beckles'  fossil,  while  the  marks  of  lateral 
attachment  in  this  part  of  the  fossil  correspond  with  the  grooves  for 
the  last  pair  of  abdominal  ribs.  Therefore  I  regard  this  specimen  as 
probably  representing  in  the  Iguanodon  the  pre-pubic  bones  of 
crocodiles,  as  well  as  the  cartilage  connecting  them  with  the  ribe, 
which  Huxley  terms  the  epi-pubis.  On  its  mode  of  attachment  to 
the  pubis  I  offer  no  suggestion,  and  there  is  no  evidence  available. 
But  since  the  bone  in  crocodiles  and  Omithosaurs  is  attached  in  the 
region  of  the  pectineal  process,  it  is  probable  that  it  is  connected 
with  the  extension  of  the  pectineal  process  in  Dinosaurs,  which  Pro- 
fessor O.  C.  Marsh  has  named  the  pre-pubis,  and  I  would  bring  the 
pubic  bone  in  the  Omithischia  into  harmony  with  the  process  in 
Crocodiles  by  suggesting  that  the  distal  part  of  the  bone,  like  the 
anterior  process,  is  entirely  absent,  so  that  only  the  sub-acetabular 
part  which  supports  the  pre-pubis  remains  in  crocodiles;  and  I 
suppose  that  if  the  pubis  had  been  prolonged  distally  in  the  crocodile, 
it  might  have  included  the  foramen  for  the  obturator  nerve. 

If  this  interpretation  of  Dr.  Mantell's  undetermined  bone  should  be 
sustained,  it  would  contribute  a  new  and  distinctive  element  to  the 
Igaanodont  pelvis,  as  remarkable  as  the  pubic  modification  in  an 
Omithosaur  or  Crocodilian,  and  distinct  from  either.  The  evidence 
from  the  fossil  allies  of  crocodiles  by  no  means  demonstrates  the 
nature  of  what  I  have  termed  the  pre-pubic  bones,  though  it  shows 
that  pre-pubic  ossifications  exist  Tyhich  cannot  be  confounded  with 
the  pubis,  which  may  resemble  the  Crocodilian  bone  in  form  and  in 

•  '  Boy.  Boc.  Ptoc.,'  toI,  28,  PI.  8. 
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being  anterior  in  position  to  the  acetabalam,  and  in  similar  isolation 
from  the  ilium. 

In  the  current  identification  of  this  bone  every  consideration  has 
been  made  subordinate  to  the  embryological  evidence  as  stated  by 
Rathke.  Yet  although  his  excellent  description  unaccompanied  by 
figures  has  been  regarded  as  conclusive  that  the  bone  under  discus* 
sion  is  the  pubis,  it  seems  to  me  necessary  to  reconsider  the  evidence 
before  the  matter  can  be  thus  settled.  The  pelvis  of  a  crocodile  in 
that  stage  of  development  which  corresponds  with  the  middle  period 
of  incubation,  if  I  rightly  interpret  the  author's  meaning,  is  appa- 
rently more  like  that  of  an  emu  than  is  the  adult  animal  in  so  far  as 
the  ischium  and  pubis  are  concerned ;  while  the  relative  shortness 
of  the  pubis  is  suggestively  Iguanodont. 

Bathke's  statement  is  as  follows :  the  ilium,  ischium,  and  pubis  of 
each  side  unite  to  form  a  single  unbroken  cartilaginoas  mass.  The 
two  ilia  are  short,  rather  broad,  plates,  as  in  the  full-grown  animal, 
and  extend  somewhat  outward  beyond  the  transverse  processes  of  the 
sacral  vertebrsB.  The  ischia  were  also  similar  to  those  of  the  full- 
grown  animal,  consisting  of  tolerably  thick  plates,  somewhat 
expanded  transversely  at  their  median  union,  but  are  not  so  broad  in 
proportion  to  their  length  as  in  the  full-grown  crocodile.  The  pubis 
was  somewhat  shorter  than  the  ischium,  and  in  proportion  to  the 
other  parts  of  the  pelvis  was  mach  shorter  than  in  later  life,  and  not 
directed  so  much  forward.  It  extended  downward  nearly  parallel  to 
the  ischium,  almost  along  its  whole  length,  only  separated  from  it 
by  a  small  interspace,  and  uniting  with  it  at  its  upper  end.  Ventrally 
the  pubes  are  widely  separated,  and  have  the  hinder  small  half  of  the 
connexion  with  the  yolk-sac  opening  between  them.  They  preserved 
a  similarity  in  shape  to  that  of  the  mature  crocodile,  but  the  distal 
ends  were  not  so  wide  in  proportion  to  their  length,  and  the  other 
parts  are  not  so  slender  as  in  later  life.  And  on  a  subsequent  page 
the  author  again  remarks,  "  The  direction  of  the  pubis  in  embryonic 
life  remains  different  to  that  of  the  adult,  but  in  the  middle  of  the 
embryonic  period  there  comes  to  be  a  division  in  the  cartilaginous 
plate  which  hitherto  had  represented  the  ilium,  ischium,  and  pubis." 

The  early  condition  of  the  pelvic  elements  is  so  interesting  in  its 
parallelism  of  the  ischium  and  pubis,  and  in  the  subsequent  change 
of  direction  of  the  reputed  pubis,  that  I  applied  to  Professor  W.  K. 
Parker,  F.B.S.,  for  help.  He  at  once  sent  me  three  examples  of 
Crocodilus  palustris,  one  about  mature  in  the  e^g^  another  with  the  head 
3  cm.  long,  the  body  about  4*5  cm.,  and  the  tail  about  7  cm.,  which 
was  about  half  grovm,  and  a  smaller  specimen  about  a  third  grown. 

On  examination  I  found  that  the  pubes  in  the  half-grown  specimen 
were  developed  as  in  the  adult,  even  to  the  fibrous  extensions  in  front 
of  the  bones  and  behind  them,  and  the  only  important  difference  was 
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the  presence  of  the  median  notch  between  their  anterior  comers  for 
the  hinder  iialf  of  the  jolk  sac  and  a  direction  rather  less  anterior. 
In  the  smallest  specimen  the  element  which  Bathke  terms  the  pubis 
does  not  diverge  anteriorly  from  the  ischium  to  tbe  same  extent  as  in 
the  adnlt,  bnt  the  elements  have  the  nsnal  form  and  meet  in  the 
middle  line,  and  the  difference  is  unaccompanied  bj  anj  divergence 


Pelvic  cartilage  of  Crocodilut  paluttriM^  showiDg  the  relations  of  the  pre-pubic 
plates  to  each  other  when  one*third  developed  in  the  egg. 

of  plan  in  the  pelvis.  The  unsegmented  cartilage  is  a  different  kind  of 
evidence  from  the  same  cartilage  divided  into  elements  which  become 
permanent  as  ossifications.  And  I  hold  segmentation  wbich  occurs 
subsequently  at  a  distance  from  the  acetabulum,  which,  isolates  a 
bone  from  the  pabic  region  of  the  pelvis  and  the  ilium,  to  be  evidence 
that  the  structure  so  separated  is  pre-pubic;  while  the  only  other 
segmentation  separates  the  ilium  from  the  bone  which  supports  the 
pre-pubis.  From  this  it  follows  that  the  pubis  has  never  been  distinct 
from  the  ischiam,  and  is  not  developed  dis tally  in  crocodiles.  The 
notch  which  defines  the  anterior  part  of  the  ischio-pubic  bone  corre- 
sponds with  the  great  notch  in  the  acetabulum  of  the  mammalian 
pelvis,  and  that  notch  is  situate  between  the  ischium  and  pubis.  The 
cartilage  which  completes  the  anterior  margin  of  the  acetabulum 
seems  to  me  to  be  inseparable  from  the  iliuin  ;  and  to  be  continuous 
at  its  border  with  the  fibrous  sheath  for  the  head  of  the  femur.  I 
should  attribute  its  existence  to  the  absence  of  distal  development  of 
the  pubis,  because  this  would  remove  the  usual  pressure  of  the  bone 
upon  the  anterior  comer  of  the  acetabulum,  which  stimulates  ossifica- 
tion of  the  ilium. 

If  the  interpretation  thus  made  is  morphologically  sound,  it  has  an 
important  bearing  upon  the  affinities  and  classification  of  the 
Crocodilia. 
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II.  **  The  Post-embryonic  Development  of  Julus  terrestris.^* 
By  F.  G.  Heathcote,  M.A.  Commimicated  by  Adah 
Sedgwick,  F.R.S.    Received  November  16,  1887. 

(Abstract.) 

With  regard  to  the  developmeat  of  the  coBlom  and  generative 
organs,  I  have  obtained  the  following  results.  The  somites  divide 
into  two  parts,  as  described  for  Strong ylosoma  by  Metschnikoff,  one 
part  remaining  in  the  body  and  the  other  part  projecting  into  the 
legs.  The  cavities  in  these  two  parts  together  constitute  the  ccelom. 
The  part  within  the  legs  breaks  up  and  the  cells  give  rise  to  muscles. 
The  part  within  the  body  passes  dorsalwards  along  the  thin  sheet  of 
mesoblast  which  unites  it  to  its  fellow  of  the  other  side,  so  that  the 
two  vesicle-like  parts  meet  above  the  nerve-cord  in  the  middle  line. 
They  join  so  as  to  form  a  single  tube,  the  generative  tube.  The  young 
ova,  as  well  as  the  follicle  cells  surrounding  them,  are  formed  by  cells 
proliferated  from  the  walls  of  this  generative  tube.  The  body  parts 
of  the  somites  of  the  antennsB  and  mandibles  break  up  and  disappear, 
bat  those  of  the  third  pair  of  appendages  give  rise  to  the  pair  of 
salivary  glands.  There  are  two  pairs  of  somites  to  each  double 
segment. 

In  the  development  of  the  nerve-system,  I  find  that  there  are  two 
cerebral  grooves  formed  as  in  Teripatv^.  They  disappear  early  in  the 
development.  The  ventral  nerve-system,  which  at  first  consists  of 
two  separate  cords  united  by  a  thin  median  part,  undergoes  a  process 
of  concentration  which  results  in  the  presence  of  a  single  stout  cord 
showing  slight  traces  of  its  former  double  condition.  At  an  early 
period  of  development  there  is  a  cavity  present  in  each  ganglion. 
This  cavity  soon  disappears,  leaving  no  trace.  Two  ganglia  are 
developed  to  each  double  segment. 

The  tracheiB  are  formed  as  epiblastic  invaginations  at  the  sides  of 
and  rather  behind  the  legs.  These  invaginations  swell  out  inside  the 
body  80  as  to  form  two  vesicles,  and  as  the  development  proceeds  two 
diverticula  are  given  o£E  from  each  vesicle,  one  running  beneath  the 
nerve-cord  to  meet  its  fellow  of  the  other  side,  the  other  running 
dorsally,  parallel  to  the  body. wall.  Both  these  diverticula  break  up 
to  form  the  tracheal  tubes,  the  remaining  part  of  the  vesicle  forming 
the  tracheal  pit.  There  are  two  pairs  of  these  tracheal  invaginations 
to  each  double  segment. 

The  stink  glands  are  formed  as  invaginations  of  the  epiblast,  and  a 
second  coat  (muscular)  is  added  later  in  the  development.  There  is 
only  one  pair  to  each  double  segment. 

The  heart  is   formed  from  mesoblast  cells  in  the  body  cavity. 
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These  cells  which  were  directly  derived  from  the  hypoblast  in  the 
early  stages  of  deyelopment,  form  a  network  in  the  body-cavity.  The 
heart  is  the  resnlt  of  a  joining  together  of  the  meshes  of  this  network, 
and  thus  is  formed  by  the  confluence  of  a  series  of  spaces  in  the 
mesoblast,  and  has  nothing  to  do  with  the  development  of  the  ccelom. 
The  heart  is  placed  in  the  middle  dorsal  line  between  the  g^t  and  the 
body- wall.  It  has  two  pairs  of  arteries  leading  into  the  spaces  of  the 
fat  body  in  each  double  segment,  and  two  pairs  of  ostia.  The  part  of 
the  body-cavity  in  which  it  lies  is  shut  off  from  the  rest  of  the  body- 
cavity  by  an  imperfect  pericardial  membrane  which  is  continnouB 
with  the  fat  bodies.  The  tube  of  the  heart  is  composed  of  three 
coats,  an  inner  structureless  membrane,  a  median  muscular  coat,  the 
fibres  of  which  are  disposed  circularly  in  alternate  broad  and  narrow 
bands,  and  an  outer  connective  tissue  coat.  The  fat  bodies  are  also 
formed  from  the  same  network  of  mesoblast  cells  which  in  this  case 
secrete  oil  globules. 

The  body- cavity  is  a  series  of  spaces  between  the  gut  and  the  body- 
wall,  and  is  divided  up  by  the  mesoblast  cells  already  referred  to.  It 
is  distinct  from  the  ccelomio  cavities  of  the  somites,  and  is  therefore  a 
pseudocoele. 

The  eye-spots  are  all  formed  in  the  same  manner.  The  hypo- 
dermis  thickens  and  a  cavity  appears  within  it  bounded  by  pigment. 
This  cavity  becomes  a  distinct  vesicle.  The  front  wall  of  the  vesicle 
becomes  very  thin  and  furnishes  the  lens,  while  the  cells  of  the  back 
{i-e.y  most  internal)  wall  and  sides  become  elongated  and  form  the 
retinal  elements  of  the  eye.  The  nuclei  of  the  front  wall  become 
very  faint  and  finally  disappear,  while  the  rest  of  the  vesicle  remains 
continuous  with  the  hypodermis  of  the  body- wall.  The  cells  of  the 
vesicle  are  at  first  separate  from  the  ganglion  cells  of  the  nerve- 
system,  but  a  connexion  takes  place  very  early.  A  number  of  very 
small  cells  appear  within  the  walls  of  the  vesicle  at  a  very  early  period, 
and  I  believe  them  to  be  derived  from  the  mesoblast  cells  in  the  body- 
cavity,  but  of  this  I  am  not  certain.  They  eventually  become  the 
pigment  cells  described  by  Grenacher. 

The  most  striking  feature  of  the  development  is  the  reduction  of 
the  ventral  part  of  the  young  animal  and  the  increase  of  the  dorsal. 
In  the  just  hatched  animal  the  ventral  region  is  nearly  as  large  as  the 
dorsal,  and  the  legs  are  wide  apart,  having  a  distinct  space  between 
them.  As  development  progresses  the  dorsal  region  is  increased, 
while  the  ventral  is  contiticted  till  the  bases  of  the  legs  are  close 
together.  The  corresponding  concentration  of  the  nerve-cord  I  have 
already  mentioned.  In  a  paper  on  Euphoheria,  a  Carboniferous 
Myriapod,  Mr.  Scudder  points  out  that  one  of  the  principal  points  in 
which  the  genus  differs  from  existing  Diplopoda  is  the  development 
ol  the  ventral  region.     The  relations  of  the  dorsal  and  ventral  r^ons 
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of  the  bod  J  of  the  Euphoheria  correspond  exactly  to  the  condition  of 
the  yonng  JuIum, 

With  regard  to  the  donble  segments  of  Jnlns,  Newport  held  that 
each  doable  segment  corresponded  to  two  segments  originally  distinct 
which  had  fused  together ;  subsequent  writers  have  held  that  each 
double  segment  is  a  single  segment  which  has  developed  a  second 
pair  of  legs.  Now  considering  the  doable  segments  with  regard  to 
the  development  as  well  as  to  the  adult  condition,  we  see  that  the 
mesoblastic  segmentation  is  doable,  so  are  the  tracheal,  the  nervoui^ 
and  circulatory  systems.  The  only  part  of  these  double  segments 
which  is  single  is  the  dorsal  plate  with  its  stink  glands  which  arise 
as  invaginations  in  it ;  this  dorsal  plate  being  so  enlarged  as  to  form 
a  complete  ring  round  the  body  of  the  adult.  Looking  at  the 
palsBontology,  we  find  that  in  the  Archipoljpoda,  a  family  including 
the  Archidesmides,  EuphoberidsB  and  Archijulidse,  the  dorsal  plate  did 
show  distinct  traces  of  a  division.  Therefore  I  think  that  each  double 
segment  represents  two  complete  segments,  the  dorsal  plates  of  which 
have  f  Qsed  together  to  make  one  plate. 


in.  **  On  the  Sexual  Cells  and  the  early  Stages  in  the  Develop- 
ment of  Millepora  plicata''  By  SYDNEY  J.  JELlCKSOX,  M.A. 
Cantab.,  D.Sc.  Lend.,  Fellow  of  Downing  College,  Cam- 
bridge. Communicated  by  Professor  M.  Foster,  Sec  RS. 
Received  November  19,  1887. 

(Abstract.) 

The  investigations  were  made  npon  several  specimens  of  Millepora 
plicata  I  foand  growing  in  abnndance  on  the  fringing  reefs  of  Talisse 
Island,  N.  Celebes. 

The  yonng  sexnal  cells,  both  male  and  female,  are  found  in  the  ecto-^ 
derm  of  the  coenosarcal  canals,  between  the  dactylozooids  and  the 
gastrozooids. 

At  an  early  stage  they  leave  the  ectoderm,  and  by  perforating  the 
mesogloea  take  np  a  position  in  the  endoderm. 

The  ova  at  an  early  stage  become  stalked.  The  stalk  of  the  ovnm, 
-which  is  simply  a  modified  psendopodinm,  serves  to  keep  the  ovnm 
attached  to  the  mesogloea. 

The  stalk  may  at  times  be  completely  withdrawn,  and  the  ovnm  by 
amoeboid  movements  migrate  along  the  lumen  of  the  canal  to  a  more 
favourable  locality,  where  it  becomes  again  attached  to  the  mesogloea 
by  a  stalk. 

Before  maturation  the  germinal  vesicle  disappears,  and  a  spindle- 
flbaped  body  with  longitudinal  stries  appears,  which  throws  out  the 
first  polar  globule. 
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A  second  and  larger  spindle  appears  after  the  first  polar  globnle  is 
thrown  out,  which  in  its  turn  discharges  the  second  polar  globule. 

The  mature  ova  of  M,  plicata  are  very  small  (tW  ™^*  ^  diameter), 
aiAl  contain  no  jolk  globules  or  granules. 

After  maturation  the  ova  are  impregnated.  The  heads  of  two  or 
three  spermatozoa  may  be  seen  within  a  single  ovum,  the  flagella  re- 
maining on  the  surface. 

After  fertilisation  the  germinal  vesicle  is  again  apparent,  and  at  a 
later  stage  it  is  seen  to  contain  a  number  of  nucleoli. 

The  germinal  vesicle  next  fragments,  the  fragments  being  scattered 
over  that  pole  of  the  ovum  which  previously  contained  the  germinal 
vesicle,  i.e.,  the  pole  nearest  to  the  stalk. 

The  fragments  at  a  later  stage  travel  towards  the  middle  of  the 
ovum,  where  they  form  an  equatorial  zone. 

This  equatorial  zone  of  fragments  divides  into  two  parties,  which 
travel  towards  the  poles. 

The  fragments  during  these  movements  increase  in  size  and  in 
number,  and  in  the  next  stage  observed  they  are  scattered  over  the 
whole  ovum. 

This  stage  corresponds  with  the  morula  stage  of  other  embryos, 
the  fragments  of  the  original  germinal  vesicle  being  the  nuclei  of  its 
constitaent  cells.  Very  faint  markings  in  the  substance  of  the 
embryo  indicate  the  outlines  of  the  cells. 

The  embryo  next  assumes  the  form  of  a  solid  blastosphere,  in  which 
stage  it  migrates  into  the  gastrozooid,  and  its  subsequent  history  is  lost 
by  its  being  discbaf  ged  most  probably  by  the  mouth  to  the  exterior. 

No  trace  of  any  medusa  or  medasiform  gonophore  or  sporosac  was 
found  either  on  the  dactylozooids  or  gastrozooids  containing  ova  or 
embryos. 

The  young  male  sexual  cells  or  spermospores  are  at  an  early  stage 
distinguished  from  the  young  ova  by  their  large  nucleus  containing 
a  coarse  protoplasmic  mesh  work. 

The  nacleiis  fragments  and  the  fragments  soon  come  to  occupy  the 
whole  spermospore. 

The  spermospore  is  matured  in  the  canals,  and  then  migrates  into  the 
basal  endoderm  of  the  ^actylozooids,  where  its  wall  disappears,  and  a 
colony  of  young  spermoblasts  pass  into  the  cavity  of  the  zooid.  These 
pQsh  out  the  wall  of  the  zooid  into  the  form  of  sporosacs,  which  they 
occapy  until  they  are  mature.  The  sporosacs  do  not  seem  to  be 
formed  before  the  advent  of  the  spermoblasts.  There  is  no  spadix  nor 
any  other  indication  of  their  being  degenerate  medusiform  gono- 
phores.     In  a  very  few  cases  they  were  found  in  the  gastrozooids. 

The  origin  of  the  sexual  cells  in  Millepora  support  the  views  of 
the  Hertwigs  and  Weismann  that  the  ectoderm  is  the  original  seat  of 
the  sexual  cells  in  the  Hydrosoa. 
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THe  abRCDce  of  segmentation  may  probably  be  acconnted  for  by  tbe 
migratory  habits  of  the  embryo  after  development  has  commenced. 
The  fact  that  no  sperm-momla  is  formed  supports  this  view.  The 
evidence  before  ns  does  not  support  the  view  that  the  ovum  of 
Millepora  formerly  contained  much  yolk  and  has  subsequently  lost  it. 

I  am  inclined  to  believe  that  the  Hydrocorallinie  belong  to  a 
separate  stock  of  the  Hydrozoa,  which  probably  never  possessed 
medusiform  gonophores.     Millepora  is  not  related  to  Hydractinia. 


IV.  "  On  Photometry  of  the  Glow  Lamp/'  By  Captain  Abney, 
R.E.,  F.R.S.,  and  Major-General  Festing,  R.E.,  F.R.S. 
Received  November  21,  1887. 

In  a  paper  which  we  read  before  the  Royal  Society  (*  Roy.  Soc. 
Froc.,'  No.  232,  1884)  it  was  shown  when  a  carbon  filament  or  a 
platinum  wire  in  vacuo  was  gradually  raised  in  temperature,  that  the 
different  rays  in  the  visible  and  invisible  regions  of  the  spectrum 
followed  a  law  governing  their  intensity. 

In  the  dark  region  of  the  spectrum  (below  tbe  red)  if  the  abscissa) 
lo  a  curve  represented  watts  (current  x  potential),  and  the  ordinatcs 
the  intensity  of  the  ray  under  consideration,  the  curve  so  formed 
iv^as  hyperbolic,  approaching  more  nearly  to  the  parabolic  form  as 
the  red  was  approached.  In  the  visible  spectrum  the  parabolic  curve 
was  actually  reached,  the  vertices  of  the  parabolas  moving  along  the 
axis  of  abscisse;  the  shift  being  greater  the  more  refrangible  the 
rays  under  consideration.  This  implied  that  until  a  certain  number 
of  watts  had  been  expended  the  ray  was  absent.  Further,  we  had 
shown  in  the  ^  Philosophical  Magazine '  for  September,  1883,  that 
when  measured  by  a  thermopile, 

total  radiation  oc  (watts  —  constant). 

In  the  visible  radiation  of  an  incandescent  filament  in  a  glow 
lamp  we  are  only  dealing,  however,  with  a  small  portion  of  the  radia- 
tion, and  therefore  could  not  expect  it  to  follow  such  a  simple  law  as 
that  which  governs  total  radiation.  It  appeared  probable,  however, 
that  as  the  intensity  of  any  individual  ray  in  this  part  of  the 
spectrum  increased  parabolically,  the  sum  of  all  the  visible  rays 
ought  also  to  follow  very  closely  the  same  form  of  curve,  the  vertex  of 
sach  parabola  lying  at  some  |K)int  in  the  axis  of  abscissas  between  the 
vertices  of  the  parabolas  of  the  extreme  visible  rays.  It  likewise 
appeared  probable  that  when  the  rays  of  extreme  refrangibility  were 
absent  or  in  defect,  as  is  the  case  when  the  filament  is  red  hot,  the 
parabola  would  fail  to  represent  the  intensity  of  visible  radiation. 

In  the  communication  we  have  already  referred  to  one  exam.ijlc  of 
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the  applicability  of  the  parabolic  tormala  was  ^veii,  for  white  light, 
bat  by  itself  it  waa  hardlj  coQClnHive.  We,  therefore,  condacted  a 
series  of  experiments  to  ascertain  if  oar  anticipations  were  correct. 

An  incandescence  lamp  was  selected  as  a  standard  lamp,  throngli 

which  a  fixed  current  was  maintained.     This  we  used  instead  of  a 

■  standard  candle  or  other  variable  light.    We  then  selected  a  second 

similar  lamp,  of  which  to  measure  the  light  when  cnrreniB  of  varions 

atrengtha  were  passed  through  it. 

The  shadow  and  grease-spot  methods  were  both  experimented  with, 
the  former  being  perhaps  the  moat  exact.  Whichever  method  is, 
however,  employed,  it  was  inexpedient  to  move  either  lamp  towarda  or 
from  the  source,  or  to  vary  the  distance  of  the  source  from  the  lamp, 
as  the  carbon  filaments  show  more  or  less  illuminating  snr&ce  to  the 
screen  according  as  they  are  clone  or  distant  from  it.  It  therefore 
became  necessary  to  adopt  some  other  plan  for  altering  the  intensity 
of  the  light  falling  on  the  sonrce  from  the  comparison  lamp. 

In  the  Rnmford  (shadow)  method,  fig.  1  will  give  the  general  idea 
of  the  arrangemente. 

Via.  I. 


The  ehftdows  cast  by  the  rod  D  flora  the  two  Kources  of  light,  L/, 
and  Ljj,  were  made  just  to  touch  each  other,  on  the  white  screen  SS, 
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and  to  fall  wiUiiii  »  rectangle  ont  oat  of  black  paper,  which  deadened 
the  light  on  the  rest  of  the  screen.  Each  lamp  (Lj  and  L,,)  was  in 
connexion  with  an  ampire-meter  and  volt-meter  (A],  A,,  and  V„  Vji). 
In  front  of  L]  (the  comparison  lamp)  was  placed  an  electromotor 
irhich  cansed  a  pair  of  sectors  of  variable  apertore  to  rotate  between 
it  ftnd  the  screen. 

Eridentl;  two  methods  are  open  to  equalise  the  illuminatioo  of  the 
screen  from  each  source : — 

Ist.  Cntting  off  more  or  less  light  from  L^. 

2nd.  Varying  the  cnirent  in  Lj,  hj  means  of  the  variable  resistance 
in  the  circa  It, 

The  first  plan  necessitates  the  opening  and  cloaiug  of  the  sectors 
whilst  rotating,  and  the  second  the  alteration  of  the  resistance,  &c., 
at  will.  Whichever  method  was  adopted  the  lamp  L^  was  brought  to 
a  bright  yellow  glon,  and  the  lamp  Lj)  had  a  current  passed  throagh 
it  which,  when  the  minimum  resistance  was  in  circnit  in  R,  produced 
a  brilliant  white  light.  Such  intense  beat  the  filament  would  not  bo 
able  to  stand  for  any  considerable  time. 

When  measurementB  were  to  be  taken  by  tbe  first  plan  the  iustru- 
ment  shown  in  the  annexed  diagram,  fig.  2,  was  employed.    A  pair  of 


sectors,  S  (each  of  90°),  are  mounted  on  a  horizontal  axis,  a  similnr 
pair,  S|,  are  carried  on  a  short  sleeve,  to  which  are  attached  two 
borizontal  pins,  passing  thitingh  holes  in  the  flange  D  of  another 
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sleeve  C.  A  Btad  in  tkis  last  engages  with  a  screw  thread  of 
lon^  pitch  cat  on  the  asia.  A  horizontal  movement  of  C  thns  canses 
it,  as  well  as  the  sectors  S^,  to  rotate  with  reference  to  the  axis  and 
the  other  aectore  (S),  and  therefore  alters  the  aperture.  This  move- 
ment is  given  hj  means  of  a  vertical  lever  engaging  with  the  groovs 
K  on  G,  and  which  is  actaated  hy  the  screw  B.  The  aperture  ouk 
thas  be  varied  between  0°  and  180°,  whether  the  instrument  be  in 
motion  or  at  rest.  The  inatrament  has  been  described  at  length,  m 
it  varies  in  some  particnlars  from  previous  ones,  having  been  mads 
nnder  onr  own  snpervision.  The  edge  of  8  is  graduated  into  degnea 
so  that  the  amount  of  apertore  is  at  once  known. 

A  certain  current  is  passed  throagh  Lj^,  which  is  noted,  and  the 
sectors  opened  or  closed  till  the  shadows  cast  by  the  rod  appear 
eqnally  luminons.  The  motor  is  stopped  and  the  apertare  read  off. 
Three  or  fonr  readings  for  each  current  passing  through  Lj]  are 
taken,  and  then  the  current  is  altered,  and  a  new  set  of  three  or  fonr 
readings  made.  The  current  is  altered  bo  that  the  light  &om  h^ 
varies  from  extreme  brightness  to  a  dull  red. 

By  the  other  plan  the  sectors  shown  in  fig.  2  are  detached  from  tlie 
motor,  and  card  disks  placed  on  A.    A  resistance,  R,  fig.  ft,  has  now 

Fi9. 3. 


to  vary  to  bring  the  light  equal  to  the  standard  light  diminished  by 
the  disks  rotating  between  the  lamp  L|  and  the  screen  with  known 
apertures.  For  the  resistance  at  first  we  used  a  non-conducting 
tube,  in  which  about  forty  spherical  pellets  of  hard  carbon  were 
inserted.  At  one  end  of  the  latter  was  a  bi-ass  plate  to  which 
one  terminal  of  the  battoty  was  attached,  and  at  the  other  a  screw 
was  insei-ted,  which  was  attached  to  the  other  terminal  of  the 
battery  through  the  lamp.  This  screw  pressed  tbe  pellets  together 
to  any  required  degree,  diminishing  the  resistance  or  increasing 
it  as  occasion  required.  This  answered  fairly  well,  but  not  so 
welJ  aa  would  be  desired,  as  the  response  to  the  screw  was  some- 
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what  slaggish.     Mr.  Yarlej  supplied  us  with  one  of  his  carbonised 
cloth  resistances,  which  consists  essentially  of  a  series  of  square  pieces 
of  carbonised  cloth  more  or  less  in  contact.     The  figure  represents 
the  one  we  had  made  for  us.     The  carbonised  cloth  is  represented 
by  C,  fig.  3,  which  fills  the  whole  length  from  A  to  D  when  loosely 
packed.     At  B  is  a  plate  to  which  T3  is  attached,  and  which  can  be 
separated  more  or  less  from  a  fixed  metal  plate  to  which  Tj^  is  con- 
laected  by  the  arm  E,  which  is  moved  by  the  screw  S^.     At  A  is  an 
insulated  block  carrying  another  plate  to  which  Tg  is  attached,  and 
Jl  can  be  carried  backwards  or  forwards  by  means  of  the  screw  Sg. 
IFor  some  purposes  the  main  current  can  be  brought  in  at  T3,  and 
leads  be  taken  from  T2  and  T^,  thus  forming  part  of  a  Wheatstone 
l}ridge.     When  only  one  resistance  has  to  be  inserted,  T^  and  Tg, 
T^  and  T2,  or  T^  and  T3  may  be  used  for  connecting  on  to  the  leads 
with  one  pole  of  the  battery  and  the  ampere-meter.     It  was  in  this 
way  the  resistance  was  used  in  the  case  in  point.     The  lamp  L^^  by 
the  nse  of  this  could  be  raised  from  black  heat  to  bright  white,  and 
a  small  turn  of  the  screw  altered  the  resistance  very  considerably. 
We  nsed  two  sets  of  sectors ;  one  pair  enabled  us  to  use  an  aperture 
from  135**  to  90%  and  the  other  pair  from  90**  to  0^     The  light  from 
Lj  was  diminished  by  the  first    pair  of  sectors  being  placed  on  A 
(fig.  2),  the  current  oc  potential  being  noted.     The  resistance  of  the 
current  passing  through  L^^  was  then  altered  till  the  illumination  of  the 
two  shadows  on  the  screen  appeared  equal,  the  screw  S  (fig.  3)  beins^ 
turned  backwards  and  forwards,  first  one  shadow  and  then  the  other 
being  made  to  appear  too  dark.      By   diminishing  the  oscillations 
the  neutral  point  can  be  very  readily  arrived  at,  even  though  the 
colours  of  the  lights  may  be  very  different  (see  Bakerian  Lecture, 
1886,  "  Colour  Photometry,"  by  the  authors).      The  readings  of  Y^ 
and  All  were  then  read  and  noted.     The  apertures  of   the  sectors 
Were  altered,  and  the  same  operations  gone  through.     From  observa- 
tions thus  made  the  curves  were  constructed,  enabling  the  theory 
propounded  to  be  tested. 

The  grease-spot  plan  of  photometry  was  arranged  in  a  somewhat 
similar  manner,  L^  being  on  the  opposite  side  of  the  screen  SS,  and 
^he  rod  being  abolished.  In  this  method  the  room  has  to  be  dark 
Qo  as  to  admit  of  no  reflection.  At  first  we  were  not  prepared  for 
«ny  great  exactitude  with  it,  but  finally  we  came  to  the  conclusion 
iihat  it  was  very  reliable,  a  conclusion  that  Mr.  W.  H.  Preece*  came 
to  when  he  constructed  his  photometric  arrangements. 

Having  described  the  arrangements  for  taking  the  measurements, 
it  remains  to  give  the  conclusions  at  which  we  arrived  after  making  a 
large  number  of  experiments. 

•  '  Roy.  Soc.  Proc.,'  vol.  36,  1834,  p.  270. 
VOL.  XLIJI.  \i 
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Let 

W  be  the  watts, 

c      „        current, 

p      „        potential, 

y      „        intensity  of  light ; 

all  other  letters  being  constants. 

In  order  for  the  carve  of  intensity  to  be  parabolic 

(i.)     W— m  =  n^y, 

m  being  the  nnmber  of  watts  at  which  the  vertex  of  the  parabola 
lies. 

From  the  equations  given  in  the  paper  already  referred  to  ('  Phil. 
Mag.,'  September,  1883),  where 

c  =  ap  +  bp^^^f 

the  above  equation  (i)  may  be  written — 

|3«(a.-h6p*)— m  =  n^y  ; 

when  p  is  fairly  large  this  becomes — 

(ii)    p^—h  =  hs/y     approximately. 

Similarly  it  may  be  shown  that — 

(iii)     c^— 5  =  t^y    approximately. 

The  following  tables  will  show  the  application  of  (i).  It  must  bo 
understood  that  the  measures  of  current  and  potential  are  not  given 
in  amperes  and  volts,  and  that  as  a  consequence  the  watts  are  only 
represented  by  watts  x  a  constant.  The  first  three  tables  show  the 
exactitude  of  the  method  of  measurement  where  the  resistance  is 
altered,  and  the  fourth  table  the  exactitude  when  the  rotating  sectors 
are  altered. 
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Table  I. — A  Wood  house  and  Bawson  lamp,  obanging  the  resistance 

and  reading  carrent  and  potential. 


c. 

P. 

WatUx 
a  constant. 

Aperture 
of  disk. 

Calculated 
aperture 
(shadow). 

Calculated 

aperture 

(grease-spot).* 

13*4 

38  0 

509-2 

180 

180-28 

181-6 

12-76 

36-1 

460*3 

135 

135-20 

184-2 

12-5 

35-5 

443-8 

120 

121-44 

120-0 

12-8 

360 

430-6 

110 

110  -95 

109-4 

12-2 

84-7 

423-8 

105 

105-47 

105-6 

11-9 

33*8 

402-2 

90 

90  11 

91-1 

11-7 

38  1 

887-3 

80 

79-99 

80-1 

11-5 

82-6 

373-7 

70 

70-34 

71-2 

11-2 

81-7 

353-9 

60 

60-20 

61-8 

10-9 

80-75 

335-2 

50 

49-40 

48-7 

10-6 

29-9 

316-9 

40 

40-42 

89-8 

10-2 

28-8 

293-9 

30 

3011 

29-7 

9-65 

27-56 

265-4 

20 

20-07 

19-5 

9-35 

2«-7 

249-6 

15 

15-07 

16-0 

9  0 

26-6 

230-4 

10 

1009 

8-4 

24-2 

203-3 

6 

4-75 

1 

m  -  144. 


n  -  27-2. 


Table  II. — Swan  lamp-light  measured  by  changing  the  resistance  and 

reading  carrent  and  potential. 


c. 

P. 

Watts  X 

Aperture  of 

Calculated 

a  constaDt 

disk. 

aperture. 

28-2 

24-2 

662-4 

180 

180-63 

22-0 

22-2 

488-4 

133t 

132  -71 

21  6 

21-6 

466-6 

120 

119-89 

21-4 

21-4 

458-0 

115 

114-91 

20-6 

19-9 

410-0 

90 

89  14 

20-2 

19-2 

387-8 

79t 

78-68 

19-7 

18-7 

368-4 

70 

69-88 

19-2 

18  0 

345-8 

60 

60-37 

18-6 

17-2 

320-0 

60 

60-00 

17-9 

16-3 

291-8 

40 

40-25 

17  1 

15-3 

261-6 

30 

30-8 

15-9 

13-8 

220-4 

20 

19-98 

14-8 

12-0 

171-6 

10 

10-11 

13  0 

10-6 

137-8 

6 

6-29 

m  -  50-52 


38-0. 


The  following  shows  the  readings  in  full  of  one  set  of  observations : — 

*  This  coltunn  shows  results  giTen  bj  the  grease-spot  method.  The  watts  are 
not  giTen,  but  merely  the  results,  to  enable  a  comparison  to  be  made  bstween  the 
accuracy  of  the  two  methods. 

f  In  these  two  the  sectors  were  supposed  to  be  set  at  135  and  80  respectiTelj, 
but  after  the  set  had  been  taken  and  the  sectora  stopped  it  was  found  they  read  aa 
in  the  table. 
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The  following  is  an  example  of  measuring  by  nsing  known  currents 
And  cutting  ofE  more  or  less  of  the  comparison  light  bj  the  sectors. 
The  observations  have  been  given  in  full  to  show  the  deviation  of 
individual  observations  from  the  mean : — 

Table  IV. 


1 

c. 

P. 

Watte  X 

Aperture  of  disks 

Mean 
obeerred 
aperture. 

Caloulated 

conBtant. 

to  balance  light. 

aperture. 

7-9 

28  1 

222 

90* 

90 

91-2 

7-76 

27-4 

212 

81,  81,  80 

80-7 

80-6 

7-6 

26-8 

204 

72-5,  72  5,  72-5 

72-6 

72-6 

7-26 

25-6 

185 

56 -5, 56,  56  0,55, 55-5 

55-8 

55-6 

7  00 

24-8 

174 

46  -5,  47,  46  5,  45  5 

46-4 

46-6 

:     6-7 

23*8 

159 

37,  35,  36,  36 

86  0 

86-0 

6-25 

22*2 

139 

23,24,23*5,24 

23-8 

23-6 

5-85 

20-6 

120-5 

14  15,  15,  14-5,14 

14-5 

14-6 

5-7 

201 

114 

11-75,  11-75,  11-75 

11-76 

11-76 

5*4 

19  1 

102 

8,  8,  7-6,  8,  7-5 

7-6 

7-7 

6-8 

18-7 

99 

6-5,6-5,6-5,7 

6-6 

6-8 

m 


53. 


n  -  17-7. 


The  foregoing  examples  will  give  an  idea  of  the  accuracy  with 
which  measurementfl  may  be  made  hj  either  method,  and  of  the 
exactness  with  which  the  parabolic  curve  is  followed.  It  seems  that 
the  photometry  of  incandescence  lamps  may  be  well  carried  out  by 
measuring  the  watts.  It  may  be  objected  that  each  observation 
requires  readings  of  the  galvanometers,  but  this  is  avoided  by  the  use 
of  the  formula  given  in  the  beginning  of  this  paper.  Two  observations 
of  current  and  potential  enable  the  constants  to  be  calculated,  and  after 
that  one  galvanometer  alone  need  be  used ;  by  preference  that  one 
^ving  comparative  volts.  The  current  is  calculated  from  such  a 
x*eading  and  subsequently  the  watts. 

Mr.  W.  H.  Preece,  in  his  paperf  already  alluded  to,  came  to 
the  conclusion  that  the  intensity  of  the  light  emitted  from  a  glow 
lamp  varied  as  the  sixth  power  of  the  current.  This  formula  is  fairly 
exact  within  limits,  but  it  is  obviously  empyric,  since  where  the 
current  is  small  enough  only  to  cause  dark  radiation  it  must  fail. 
The  example  that  he  gives  would  require  some  slight  rectification 
before  it  can  be  used  as  in  the  method  given  above ;  since  the  small 
distances  at  which  the  candle  he  employed  was  placed  from  the 
screen  make  it  necessary  to  apply  corrections  for  the  thickness  and 
length  of  flame. 

*  The  light  was  fixed  so  as  to  balance  ••  nearly  at  possible  when  the  sectors  were 
at  their  full  aperture. 
t  •  Boy.  Soo.  Proc./  toI.  96,  p.  270. 
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JAr.  Preeoa's  t&blfi  is  aa  follows  ;  the  last  colnmn  is  derived  from  the 
parabolic  formula  using  C*— » instead  o£  W— m  =  ov'y. 


Diitance  of  tourM 
of  Ught  from  illu- 
miiutad  lurfoce. 

Eqairdent 

degree  of 

illumination. 

Currant 
lilp. 

C»  15-89*. 

I^rabolio 
foncuk. 

0-60  feet 
0  76    „ 
1-00    „ 
2  00    „ 
8 -00    „ 

64  000 
2S-44S 
16 '000 
4-000 
1-778 
1-000 

1-260 
1-100 
0-969 
0-790 
0-690 
0-661 

64-000 
28-336 
12-442 
3-888 
1-726 
1-217 

64-00 
32-83 
16-00 
4-41 
1-78 
1-00 

It  hanng  bees  sbowu  that  the  parabolic  formnla  applies  to  Tianal 
meaaores  of  an  incandescence  light,  it  appeared  that  the  same  ought  to 
hold  good  for  the  total  light  which  is  phot<^raphicaIly  active.  These 
rays  ma;  be  taken  to  lie  between  the  bine  and  the  ertreme  altia- 
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violet  of  the  Bpectnim,  and  oooseqaently  tlie  vertex  of  the  paraboU 
shonhi  lie  further  towards  the  blue  of  the  Bpeotrum  thaa  it  does 
with  the  Tisnat  rays.     The  method  of  testing  waa  as  follows. 

An  ordinary  dark  slide.  A,  carrying  a  sensitive  plate,  waa  placed  in 
grooves,  CC,  attached  to  a  board,  D,  against  which  the  slide  (when  its 
front  B  was  drawn  ont)  conld  be  raised  or  towered  as  occasion 
required  by  means  of  a  rack  and  pinion  motion  working  by  the 
handle  D. 


I 

M'-'          ^B^ 

1 

|-rT^3 

E  is  a  projection  in  which  a  slot,  H,  is  cat,  and  throagh  which  a 
card  haviog  a  square  aperture,  K,  can  slide.  K.  can  be  covered  by 
means  of  a  cardboard  screen.  The  bottom  of  the  plate  in  A  is  first 
bronght  opposite  the  aperture  E,  which  is  placed  opposite  the  number 
marked  Ion  E,  The  lamp  is  placed  4  feet  away,  the  volts  and  anip^res 
noted,  and  exposure  is  given  to  the  small  square  of  the  plato  seen 
through  the  square  in  E.  for  any  time  which  may  be  fixed  upon.  The 
slide  A  is  lowered,  so  that  a  fresh  portion  of  the  plate  is  bronght 
opposite  to  K  (K being  covered  up)  adifierent  current  passed  through 
the  lamp,  and  another  exposure  given,  and  so  on.  When  the  top  of 
the  plate  has  been  arrived  at  by  the  motion  of  A,  the  card  F  is  moved 
till  K  is  opposite  2,  and  the  same  procedure  repeated.  Six  to  ten 
exposures  can  be  made  in  the  same  row. 

When  the  second  row  is  exhausted,  K  is  placed  o^^sita  3,  u^ 
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SQch  a  onrrent  is  pansed  throiigh  the  lamp  that  it  emits  a  medium 
light.  A  time  scale  is  then  made  by  giving  different  lengths  of  expo- 
sure at  each  movement  of  the  plate  in  its  last  half.  The  plate  is  then 
taken  out  of  the  slide,  and  the  images  developed.  By  this  means  both 
a  time  scale  and  a  measure  of  intensity  for  different  temperatures  are 
on  the  same  plate  in  the  shape  of  squares  of  different  density  of 
deposit.  When  the  negative  is  dry  it  is  placed  in  an  apparatus  which 
works  on  the  principle  of  the  optical  lantern,  and  is  described  in  the 
paper  written  by  one  of  us,  "  Atmospheric  Absorption  of  Sunlight  " 
('  Phil.  Trans.,'  1887),  and  the  density  of  each  square  measured.  The 
"  intensity ''  measures  are  then  compared  with  the  time  scale,  and 
the  value  of  the  intensity  calculated.  From  these  values  can  be  deter- 
mined if  the  curve  of  intensity  and  watts  increases  parabolically.  It 
might  be  objected  thai  increase  in  intensity  is  not  convertible  into 
'*  time  of  exposure.'*  Careful  experiments  have  been  made  as  to  this, 
and  for  the  range  of  time  which  is  comprised  in  the  seconds  of 
exposure  given  no  appreciable  error  ensues. 

The  following  is  an  example  of  an  experiment  conducted  in  the 
above  manner ; — 


Table  VI. 
Time  Scale. 


Exposure  given 

Light  trananutted 

No.  of  aperture. 

to  portion  of 

throuffh  de- 
Teloped  plate. 

plate. 

sees. 

1 

5 

550 

2 

10 

47-5 

8 

16 

89-5 

4 

20 

330 

5 

25 

27-5 

6 

80 

23-2 

7 

85 

20  0 

8 

40 

18  1 

9 

45 

16-0 

10 

50 

141 

11 

55 

13-2 

12 

60 

12*4 

Bare  glass  »  56. 
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It  ma;  be  well  to  point  oat  exactly  how  the  above   table   was 
derised.    From  tbe  time  scale  (Table  YI)  the  dia^nkm,¥v^.%  l^Tiii.\».t^ 
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dimeuBioDii)  waa  couBtmcted.  Take  Nob.  1  and  2,  Table  VII,  the 
exposures  given  to  each  were  the  same,  yii.,  15  seconds.  The  light 
transmitted  throegh  each  Bqnare  was  read  off,  and  f  oand  to  be  identical, 
vii.,  21'5.  Id  the  scale  diagram  the  abscissa  of  the  curve  having  the 
ordinate  21*5  in  66,  which  is  the  equivalent  time  exposure,  which  in 
also  a  measure  of  the  intennty.  If  the  exposure  had  been  prolonged 
to  I  minute  it  woald  be  eqaivalent  to  an  intensity  of  264  (since  the 
measured  exposure  was  only  15  seconds).  The  other  intensities  were 
calculated  in  a  similar  manner.  The  intensities  21  and  264  were 
token  BB  points  on  the  parabola,  and  the  intermediate  intensities 
calculated  using  the  formula  W— m  ^  n^/i/. 


Time  Scale  Diagram. 


N.B. — It  will  be  noticed  that  in  the  aboTS  diagrsbi  the  abBciun  a 
■quare  or  relatire  eipoKuni.    A  reference, to  the  time  acale  table  will  thou  th»t  the 


The   following  is.  another  example  of  the  photographic  measure- 
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Table  VIII. 

r 

Time  Scale. 


• 

! 

TlOm  of  exposure. 

Time. 

Readings  of 
density. 

I 

16 

180 

7-5 

f 

16 

160 

8-5 

17 

140 

9-6 

18 

120 

12-0 

19  : 

100 

17  0 

20 

90 

20-7 

21 

80 

25  1 

1 

22 

70 

30  0 

23 

60 

37-5 

24 

50 

46-5 

i— ! ; ; 
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The  d}OTe  show  tbat  the  parabolio  form  Beema  to  be  followed,  bat 
owing  to  tbe  want  of  ahtolnte  uniformity  in  all  parts  of  a  pbotographio 
plats,  and  that  errors  ma;  arise  from  want  of  exact  exposure,  and, 
Again,  from  reading  the  densities,  the  values  obtained  are  not  so 
accordant  as  those  taken  \sf  the  visual  method. 


V.  "On  the  Detonating  Bolide  of  November  --JOth,  1887."    By 
G.  J.  Simons,  F.R.S.     Received  December  8,  1887. 

Shortly  after  November  20th  it  waa  generally  reported  that  an 
earthquake  shock  had  been  felt  in  the  South  Midland  conntieB  of 
England,  and  the  author  began  to  collect  and  examine  the  facts.  It 
appeared  that  the  records  from  Oxfordshire,  and  the  western  stations 
gfenerally,  indicated  that  much  loader  sonnds  were  heard  there  than 
at  the  eastern  stations,  e.^.,  EstteK  and  Cambridge.  The  author 
thonght  that,  althoogh  the  phenomenon  had  been  almost  aniversally 
ascribed  to  an  earthquake,  it  was  more  probably  dne  to  an  explosive 
bolide,  and  on  receiving  from  one  of  the  local  scientific  eocietios  a 
request  for  assistance  in  tracing  the  shock,  the  anthor  suggested  the 
alternative  explanation.  Mr.  Fordham  has  subsequently  written  to 
say  that  he  has  already  found  one  person  who  saw  the  meteor  from 
Hertford,  which  he  describes  as  "  a  brilliantly  Inminona  body  travel- 
ling across  the  sky  from  N.G.  to  W,"  It  is  further  stated  that  a 
portion  of  the  meteor  was  seen  to  fall  from  the  main  body. 

Considering  that  the  morning,  aa  shown  by  the  records  of  the  Royal 
Meteorological  Society,  was  both  misty  and  cloudy,  and  that  at  the 
hour  at  which  it  appeared,  Sunday  morning,  8.20  a.u.,  there  would 
be  broad  daylight,  it  is  improbable  that  many  persons  saw  it.  Judg> 
lag  by  the  descriptions  of  the  noise,  as  well  as  by  the  path  roughly 
indicated   by    the   Hertford  observation,    it  seems  likely  that  it  ex- 
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ploded  over  the  sonth  of  Oxfordshire — ^but  further  details  ate  much 
wanted. 

The  meteor  must  apparently  hare  been  very  large,  as  the  explosion 
was  heard  or  felt  over  an  area  of  npwards  of  2000  sqnare  miles — ^the 
area  being  84  miles  in  length,  from  abotit  S.W.  to  N.B.,  i.e.,  from  the 
confines  of  Wiltshire  to  Newmarket,  Cambridgeshire,  and  of  an 
average  breadth  of  about  25  miles.  The  sites  whence  returns  have 
been  received  are  shown  on  the  annexed  map. 


Presents,  December  8,  1887. 
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December  15,  1887. 

Professor  G.  G.  STOKES,  D.C.L.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered 
for  them. 

The  President  read  a  letter  from  H.M.  Secretary  of  State  for  Home 
Affairs,  annonncing  that  Her  Majesty  had  "  been  gracionsly  pleased 
to  command  that  the  Royal  Society  be  allowed  to  enjoy  the  privilege, 
on  all  fit  and  proper  occasions,  of  presenting  their  addresses  to  the 
Sovereign  on  the  Throne." 

The  President  was  requested  to  convey  to  the  Home  Secretary  the 
thanks  of  the  Society  for  his  communication,  and  to  express  their 
satisfaction  that  Her  Majesty  had  been  graciously  pleased  to  honour 
the  Society  with  this  mark  of  the  Royal  recognition. 

The  following  Papers  were  read : — 

I.  *•  Note  on  the  Development  of  Feeble  Currents  by  purely 
Physical  Action,  and  on  the  Oxidation  under  Voltaic  In- 
fluences of  Metals  not  ordinarily  regarded  as  spontaneously 
oxidisable."  By  C.  R.  Alder  Wright,  D.Sc,  F.R.S., 
Lecturer  on  Chemistry  and  Physics,  and  C.  THOMPSON, 
F.C.S.,  F.I.C.,  Demonstrator  of  Chemistry,  in  St.  Mary's 
Hospital  Medical  School     Received  November  24,  1887. 

In  the  course  of  a  series  of  further  experiments  on  cells  set  np  with 
''  aeration  plates  "  (plates  simultaneously  in  contact  with  the  air  and 
the  electrolytic  fluid  used  in  the  cells — *  Roy.  Soc.  Proc.,'  vol.  42, 
p.  212),  we  have  made  a  large  number  of  determinations  of  the  E.M.Fs. 
developed  with  incorrodible  aeration  plates  of  various  kinds  (e.g., 
platinum  foil,  spongy  platinum,  thin  sheet  gold,  <fcc.)  when  opposed  to 
the  same  oxidisable  metal,  such  as  copper  or  zinc,  in  contact  with  the 
same  electrolytic  fluid,  e.g.,  dilute  sulphuric  acid  or  caustic  soda 
solution.  The  details  of  these  observations,  when  completed,  will 
form  the  subject  of  a  future  paper;  whilst  making  them  we  have 
noticed  that  if  two  or  more  different  kinds  of  aeration  plates  be  set  np 
on  the  surface  of  the  fluid  contained  in  a  shallow  basin  in  which  the 
oxidisable  metal  is  immersed,  and  sufficient  time  be  allowed  to  elapse 
to  enable  the  films  of  air  attracted  to  the  aeration  plates  to  attain  a 


1887.] 


On  the  Development  of  Feehle  Currents. 


269 


condition  of  eqailibriiim,  different  constant  values  are  nsnallj  ob- 
tained for  the  E.M.Fs.  generated  by  opposing  to  the  oxidisable  metal 
first  one  and  then  the  other  of  any  given  pair  of  aeration  plates,  the 
carrents  generated  being  rendered  throughout  of  too  small  density 
for  *'  running  down  "  to  take  place  during  the  observations  by  inter- 
posing a  large  resistance  in  the  circuit.     If  when  this  state  of  con- 
BtAncy  has  been  attained  the  two  aeration  plates  be  opposed  to  each 
other  with  a  considerable  resistance  in  circuit,  a  current  passes  from 
the  one  giving  the  higher  value  when  opposed  to  the  oxidisable  plate 
through  the  external  circuit  to  the  other.     This  current  at  first  is  of 
fmch  magnitude  as  to  correspond  exactly  with  the  E.M.F.  due  to  the 
difference  between  the  E.M.Fs.  exhibited  when  the  two  plates  respec- 
tively are  opposed  to  the  oxidisable  metal,  but  after  some  time  it 
giradnally  diminishes ;  even  after  several  days,  or  even  weeks,  how- 
ever, it  is  usually  still  measurable.     If  a  miniature   silver  volta- 
meter be  included  in  the  circuit,  in  many  cases  an  appreciable  amount 
of  crystalline  silver  is  found  to  be  slowly  deposited  on  the  negative 
electrode  of  the  voltameter,  which  may  conveniently  be  a  thin  gold 
"wire  immersed  to  a  depth  of  a  few  millimetres  in  silver  nitrate  solu- 
tion, a  silver  plate  or  wire  forming  the  positive  electrode.     Thus,  for 
example,  in  various  experiments  the  following  figures  were  obtained, 
the  aeration  plates  being  arranged  on  the  surface  of  dilute  sulphuric 
acid: — 


KfttiuPB  of  aeration  plates. 

Time  in 
days. 

Silver  deposited 

in  voltameter  in 

milligrams. 

Average  current 

in  microamperes 

during  the 

period. 

!•  Spongy  platinum  and  smooth 

platinum  foil 
2.          Ditto            ditto 
'*  ^pODfiJ  platinum  and  smooth 

Hold  plato 
1  Spongj  gM  and  smooth  gold 

golcTpfiite 
*•  spongy    gold    and    platinum 

foil 

14 

18 
24 

14 

24 

10-5 

1-5 
6  6 

10 

1-25 

7-7 

0-8 
2*8 

0-7 

0-5 

Analogons  results  were  obtained  in  various  other  cases  with  dif- 
^^f^t  electrolytic  fluids,  e.g,^  spongy  silver  and  smooth  silver  sheet 
^th  caustic  soda  solution.  In  every  case  the  action  was  greatest  at  first 
^  gradually  diminished,  but  never  became  absolutely  nil.  The 
Vs^  the  surface  of  the  aeration  plates,  as  might  be  expected,  the 
S^^er  was  the  average  current;  thus  in  expervmeiit  'S^o.Y  ^iX^'^^^ 
Pktet  ^xpomng  about  20  sg.c.  surface  (one  side,  au^^T&cvoX  tcl^wk^t^- 

1.^ 
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ment  not  reckoning  ineqnAlities  of  sponge)  were  used,  and  in  No.  2 
plates  only  aboat  one-fifth  that  size. 

It  is  obvi<»as  that  during  the  passage  of  a  current  the  dilute 
snlpharic  aoid  between  the  two  plates  must  be  electrolysed,  so  that 
hydrogen  woald  iend  to  be  liberated  on  the  sarface  of  the  plate 
acquiring  the  higher  potential,  and  oxygen  on  that  of  the  other ;  the 
hydrogen  whilst  nascent  would  necessarily  be  more  or  less  completely 
oxidised  to  water  by  the  exjgen  of  the  film  of  condensed  air,  so  that 
on  the  whole  the  net  chemical  action  in  the  cell  itself  would  be 
either  nil  (if  all  hydrogen  were  so  re-oxidised)  or  one  absorbing  heat 
(if  some  of  the  hydrogen  escaped  oxidation).  The  oxygen  slowly 
evolved  would  escape  as  such,  being  dissolved  by  the  surrounding 
fiuid.  The^fiEect  of  this  should  accordingly  be  that  the  efficiency  of 
the  air  film  on  the  first  plate  would  be  more  or  less  depreciated,  and 
that  on  the  second  exalted ;  in  point  of  fact,  if  the  two  aeration  plates 
in  such  an  arrangement,  which  has  been  generating  a  current  for 
some  time,  be  (by  means  of  an  appropriate  switch)  disconnected 
from  one  another  and  successively  opposed  to  a  given  oxidisable  plate, 
the  one  does  give  a  considerably  lower  and  the  other  usually  an 
appreciably  higher  value  than  the  constant  ones  previously  obtained 
(  lefore  the  two  aeration  plates  were  directly  opposed  to  one  another) 
o  1  opposing  each  severally  to  the  oxidisable  metal ;  whilst  on  allowing 
the  cell  to  Etand  for  some  time  generating  no  current,  the  lower 
value  gradually  rises  and  the  raised  one  falls  until  sensibly  the  old 
constant  values  are  again  obtained. 

We  noticed,  moreover,  that  when  aeration  plates  of  platinum-foil 
or  sponge  are  used  opposed  to  silver  plates  in  conjunction  with  a  fluid 
capable  of  dissolving  silver  oxide  (such  as  dilute  sulphuric  or  acetic 
acid  or  ammonia  solution)  distinctly  larger  amounts  of  current  are 
usually  developed  than  when  opposed  to  carbon  or  gold  plates, 
and  that  simultaneously  silver  passes  into  solution,  the  silver  plate 
acquiring  the  lower  potential,  diminishing  in  weight,  and,  in  short, 
behaving  precisely  as  though  it  were  an  oxidisable  metal,  such  as  zinc 
or  copper.  Obviously  this  is  due  to  the  circumstance  that  with  silver 
the  oxygen  liberated  attacks  the  metal  of  the  plate  acquiring  the  lower 
potential ;  but  the  remarkable  part  of  the  action  is  that  this  attack  is 
only  partial,  so  that  the  amount  of  silver  dissolved  is  invariably  less  than 
that  equivalent  to  the  current  passing,  i.e.,  less  than  that  deposited  in  a 
silver  voltameter  included  in  the  circuit.  Thus  the  following  numbers 
were  obtained  in  a  series  of  experiments,  in  each  of  which  four 
similar  cells  containing  platinum  sponge  aeration  plates  arranged  i 
series  were  used  in  order  to  shorten  the  time  of  observation.  The* 
electrolytic  fluids  used  in  the  various  cases  were  respectively :— • 
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A«  Acetic  acid  solation,  approximately  of  strength 

14C2H4O2,100HoO. 

B.  Ditto  also  containing  sodiam  acetate,  approximately  of  strength 

lOCjjH^O^lONaCaHsOg,  lOOHoO. 

C.  Ammonia  solution  originally  of  strength  lONH^JOOHjO,  but 

considerably  weakened  during  the  experiment   by  evapora- 
tion. 

D.  Ammonia  solution  also  containing  ammonium  sulphate  ;  origin- 

ally 10NH3,2-5(NHJ,SO^a00H2O. 

E.  Ammonia  solution  also  containing  sal-ammoniac ;  originally  of 

strength  10NH3,5NH^Cl,l00H2O. 
P.  Dilute  sulphuric  acid,  4H2SO4,10UH2O. 


Time  in 
hours. 

Silver  dissolved 

SUvcr 
deposited 
in  volta- 
meter. 

Per  cell  per  24  hours. 

Differ- 
ence. 

In  4  cells 
jointly. 

Per  cell. 

Silver 
deposited. 

Silver 
dissolved. 

A.  180 

B.  130 

C.  68 

D.  136 
£.      44 
F.      96 

1 

1 

0003 
0-0046 
0  015 
0  1095 
0  086 
0-348 

0-00075 
0001126 
0- 00375 
0  027375 
0  0215 
0  087 

0  0025 
0  0020 
00060 
0  037 
0  027 
0  097 

0-00033 
0- 00037 
0  0021 
0  00»55 
0  0147 
0  0242 

0-00010 
0  00021 
0  0014 
0-0048 
0  0117 
0  0217 

0  00023 
0  00016 
0  0007 
0-0017 
0-0030 
0  0025 

The  difference  between  the  silver  dissolved  and  that  deposited  by 
the  current  is  thus  relatively  much  larger  with  the  weakest  currents, 
representing  43 — 69  per  cent,  of  the  latter  in  cases  A  and  B  ;  26 — 83 
per  cent,  in  cases  C  and  D  ;  and  10 — 20  per  cent,  in  cases  E  and  F. 

It  is  obvious  that  if  silver  will  dissolve  in  acids,  &c.,  under  the  com- 
paratively feeble  oxidising  inOuenoe  of  an  aeration  plate,  much  more 
rapid  solution  might  be  anticipated  by  substituting  for  such  a  plate 
platinum  immersed  in  a  powerfully  oxidising  fluid  such  as  strong 
nitric  acid,  or  sulphuric  acid  solution  of  chromic  anhydride.  In  point 
of  fact,  we  have  found  that  on  setting  up  such  cells  where  the  silver 
was  immersed  in  dilute  sulphuric  acid  (i.e.,  Grove's  cell  with  silver 
instead  of  zinc,  and  so  on),  electromotors  of  notable  power  are 
produced,  at  any  rate  until  the  silver  plate  becomes  coated  with 
sparingly  soluble  sulphate.  Even  in  these  cases,  however,  perfect 
correspondence  between  the  amoant  of  silver  dissolved  and  that 
deposited  in  a  voltameter  included  in  the  circuit  does  not  subsist,  the 
latter  being  always  mensurably  the  gr(»afer.  Thns  in  several  experi- 
ments with  such  cells,  when  the  current  was  so  regulated  by  iuterpo^- 
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iDg  sai table  resistances  that  the  silver  deposition  in  the  Toltameter 
was  brought  down  to  0' I  to  0*2  gram  of  silver  per  24  hoars,  the  silvt^r 
deposited  always  exceeded  that  dissolved  by  0*001  to  O'OOS  gram. 
Similarly  two  duplicate  ceHs  set  up  with  silver  plates  immersed  in 
ammonia  solution  containing  sal-ammoniac  of  strength  about 

6NH8,5NH^Cl,100H,O, 

and  opposed  to  platinam  immersed  in  sulphnric  acid  solution  con- 
taining chromic  anhydride,  gave  the  following  figares,  mnch  more 
resistance  being  in  circuit  in  the  second  experiment  than  in  the  first. 


Time. 

Silver  deposited  in 
Toltameter. 

Silver  dissolved  from 
plate. 

Difference. 

18  hours 
46      „ 

0*514  gram 
0  107    „ 

0-510 
0  106 

0  001 
0  001 

A  similar  cell  containing  ammonia  solution  without  sal-ammoniac, 
and  consequently  having  a  very  large  internal  resistance,  caused 
only  0*013  gram  of  silver  to  be  dissolved  in  eighteen  hoars,  whilst 
0*015  gram  was  deposited;  in  this  case  a  visible  film  of  silver 
peroxide  was  formed  on  the  silver  plate  (a  wire  of  pure  metaJ). 

Just  as  silver  is  capable  of  being  dissolved  in  an  appropriate  fluid 
when  opposed  to  an  aeration  plate,  so  may  several  other  metals  not 
ordinarily  prone  to  atmospheric  oxidation  ;  thus  mercury  with  dilute 
sulphuric  acid  as  fluid,  and  an  aeration  plate  of  platinum  sponge, 
generates  a  measurable  continuous  current,  forming  mercurau««i«Z|7 ^0/0 
in  so  doing,  so  that  after  some  time  the  liquid  becomes  turbid  through 
Heparatlon  of  that  sparingly  soluble  salt,  and  the  filtered  fluid  precipi- 
tates calomel  on  addition  of  dilute  hydrochloric  acid.  Acetic  acid  acts 
similarly,  but  far  less  energetically.  Potassium  cyanide  solutioQ,  on 
the  other  hand,  causes  a  much  more  rapid  solution  of  mercury,  form- 
ing mercuric  potassiocyanide ;  it  is  noticeable  that  in  this  case  only 
100  parts  of  mercury  go  into  solution  for  108  of  silver  deposited  in 
the  voltameter,  whereas  when  sulphuric  acid  is  used  200  parts  of 
mercury  become  sulphate  per  108  of  silver  deposited. 

If  gold  be  substituted  for  mercury  in  this  latter  arrangement,  rapid 
solution  takes  place  with  formation  of  aurocyanide  of  potassium,  196 
parts  of  gold  being  dissolved  per  108  of  silver  thrown  down  in  the 
voltameter ;  the  rate  of  action  here,  as  in  other  analogous  cases,  can 
be  notably  increased  by  placing  the  gold  plate  and  potassium  cyanide 
solution  in  one  basin  and  the  aeration  plate  (platinum  sponge)  in 
another  with  sulphuric  acid,  uniting  the  two  fluids  by  a  wide  aipfeon^ 
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80  as  to  anperadd  to  the  other  E.M.Fa.  in  operation  that  dne  to  the 
mntnal  nentralisation  of  the  acid  and  alkali. 

Palladiam  behaves  precisely  as  gold,  52  parts  of  metal  being  dis- 
solved per  108  of  silver  deposited ;  local  action  sometimes  causes  in  each 
case  earceas  of  amount  dissolved  relatively  to  the  current  passing,  the 
opposite  result  to  that  observed  with  the  silver  cells  above  described. 

Of  course,  if  more  powerful  oxidising  agents  are  used  than  simple 
aeration  plates  (such  as  platinum  in  sulphuric-chromic  solution),  the 
action  goes  on  in  all  such  cases  still  more  rapidly ;  thus,  for  example, 
we  did  not  succeed  in  dissolving  gold  in  dilute  hydrochloric  alone  by 
the  use  of  an  aeration  plate  simply ;  but  on  replacing  this  by  a 
platinum  plate  immersed  in  sulphnric-chromic  liquor  connected  by  a 
siphon  with  the  dilute  hydrochloric  acid  in  which  the  gold  was 
immersed,  chlorination  of  the  gold  was  readily  effected  with  the  for- 
mation in  the  first  instance  of  aureus  chloride,  which  rapidly  broke  up 
iato  particles  of  spongy  gold  and  auric  chloride  in  solution. 


IL  "  The  Early  Development  of  the  Pericardium,  Diaphragm, 
and  Great  Veins."  By  C.  B.  Lockwood,  F.R.C.S.,  Huuterian 
Professor  of  Anatomy  in  the  Royal  College  of  Surgeonu  of 
England.  Communicated  by  G.  M.  Humphry,  F.R.S. 
Received  November  26,  1887. 

(Abstract) 

The  history  of  the  development  of  the  pericardium,  diaphragm,  and 
great  vehis  is  traced  by  means  of  rabbit's  embryos  ranging  from  the 
eighth  to  the  seventeenth  day  of  intrauterine  life. 

The  splanchnic  origin  of  the  .two  halves  of  the  heart  is  briefly 
illustrated,  and  each  separate  half  is  shown  to  project  into  the  fore- 
most end  of  the  coelom.  The  approximation  of  the  halves  of  the 
heart,  and  of  the  coolom  in  which  they  are  contained,  and  the  forma- 
tion of  the  mesocardium  posterius  and  anterius,  is  next  narrated. 
The  course  of  the  omphalomesenteric  veins  to  the  heart  along  the 
splanchnic  wall  of  the  coelom  is  then  traced,  and  those  vessels  are 
shown  to  divide  the  coelom  into  two  parts,  a  **  cardiac  "  and  a  "  pleuro- 
peritoneal."  At  the  beginning  of  the  ninth  day  the  coelom  consists  of 
two  halves  which  are  some  distance  apart  towards  the  tail  end,  but 
converge  towards  the  head  to  open  behind  the  omphalomesenteric 
reins,  iuto  the  cardiac  portions  of  the  coelom.  To  adopt  a  rough 
comparison,  the  coelom  is,  at  the  beginning  of  the  ninth  day,  not 
unlike  a  pair  of  trousers;  the  cardiac  portion  would  correspond  to 
that  part  of  the  trousers  which  receives  the  pelvis,  whilst  the  hinder 
parts  of  the  coelom  would  correspond  to  the  places  for  the  legs.     To 
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carrj  the  gimile  a  step  further,  it  might  be  said  that  the  omphalo- 
mesenteric Teins  would  ran  round  the  front  of  the  trousers  opposite 
the  bend  of  the  groins. 

An  adhesion  of  the  omphalomesenteric  veins  to  the  somatopleure, 
at  the  level  of  the  hinder  end  of  the  heart,  is  next  described,  and 
identified  with  the  mesocardium  laterale,  and  is  shown  to  be  the  way 
by  which  the  umbilical  veins  find  a  passage  to  the  heart.  Those 
vessels  develop  in  the  somatopleure,  and  are  by  means  of  it  brought 
in  relation  with  the  endometrium  in  a  manner  which  is  described. 
The  portions  of  the  omphalomesenteric  veins  which  cross  the  ventral 
splanchnic  boandary  of  the  coelom  are  held  by  the  mesocardium 
posterius,  and  by  the  mesocardium  laterale,  close  to  the  dorsal  wall 
of  the  coelom,  and,  in  consequence,  as  the  cardiac  and  pleuro-poritoneal 
portions  of  the  coelom  expand,  the  part  bounded  by  the  omphalo- 
mesenteric veins  remains  stationary  and  narrow.  This  narrow  part 
of  the  coelom  is  named  the  **  iter  venosum,"  because  the  great  veins 
have  so  much  to  do  with  its  formation,  and,  subsequently,  with  its 
closure. 

The  development  of  a  septum,  the  septum  transversum,  between 
the  cardiac  and  pleuro-peritoneal  portions  of  the  coelom,  is  attributed 
to  the  fixation  of  the  omphalomesenteric  veins.  When,  in  due  course, 
the  heart  expands  and  is  carried  tailwards  by  the  cranial  flexure 
and  its  own  growth,  those  vessels  continue  to  hold  the  ventral 
splanchnic  wall  of  the  coelom  close  against  the  dorsal  wall,  and  in 
consequence  it  becomes  retroflected  behind  the  heart.  This  retro- 
fleeted  portion  stretches  from  one  mesocardium  laterale  to  the  other, 
across  the  axis  of  the  embryo  ;  its  front  surface  is  in  contact  with  the 
heart,  and  its  hinder  surface  is  covered  with  hypoblast  in  which  the 
liver  originates  ;  thus  a  ventral  diaphragm  is  formed  between  the  liver 
and  the  heart. 

The  appearance  of  other  somatic  veins,  namely,  of  the  anterior 
cardinals  and  afterwards  of  the  posterior  cardinals,  is  noted.  The 
former  develop  first  and  empty  into  the  umbilical  veins  just  as 
they  (the  umbilical  veins)  open  into  the  omphalomesenteric ;  when 
the  posterior  cardinal  veins  appear  they  join  the  anterior  cardinals, 
so  that  a  portion  of  each  of  the  latter  nearest  the  heart  becomes  the 
Cuvierian  duct. 

Until  the  middle  of  the  ninth  day  the  embryo  lies  with  its  back  to 
the  uterus.  The  way  in  which  it  turns  its  right  side  and  afterwards 
its  venter  towards  the  uterus  is  described,  and  also  the  infolding  of 
the  somatopleure  and  splancbnopleure,  and  its  effect  upon  the  relations 
of  the  g^eat  veins  and  septum  transversum. 

The  commencement  of  the  umbilical  veins  and  early  formation  of 

the  placenta  are  next  illustrated.    The  allantois  of  the  rabbit  is  shown 

to  be  exceedingly  rudimentary,  and  to  take  no  part  in  the  formation 
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.  of  the  placenta,  which  is  developed  in  connexion  with  somatic  strac- 
tares. 

The  further  development  of  the  ducts  of  Cuvier  is  then  explained, 
and  those  vessels  are  shown  to  end,  as  did  the  jugulars  from  which 
they  are  formed,  by  opening  into  the  months  of  the  umbilical  veins 
quite  close  to  the  heart.  In  the  next  stage  of  development,  owing  to 
the  expansion  of  the  heart,  the  omphalomesenteric  veins,  umbilical 
veins,  and  Cuvierian  ducts,  acquire  separate  openings  into  the  heart, 
and  at  the  same  time  the  right  and  left  umbilical  veins,  just  before 
entering  the  heart,  communicate  with  the  venous  spaces  of  the  liver, 
and  have  through  them  an  alternative  route  to  the  heart.  Whilst 
these  changes  are  in  progress,  the  left  omphalomesenteric  vein,  where 
it  is  related  to  the  liver,  becomes  occluded  with  liver  substance.  The 
gradual  conversion  of  the  mesocardium  laterale  and  septum  traversum 
into  a  dorsal  pericardium  -and  ventral  diaphragm  is  then  described, 
and  afterwards  the  closure  of  the  iter  venosum  by  the  apposition  of 
the  Cuvierian  ducts  and  the  sides  of  the  trachea  and  oesophagus  ; 
whilst  this  is  in  progress  the  subclavian  veins  appear  and  empty 
themselves  into  the  Cuvierian  ducts,  which  in  this  way  become  the 
right  and  left  superior  venas  cav89. 

During  the  twelfth  day  the  umbilical  veins  lose  their  direct 
opening  into  the  heart,  and  the  left  vein,  taking  advantage  of  the 
alternative  route  through  the  liver,  passes  through  the  substance  of 
t;hat  organ  to  end  in  the  right  omphalomesenteric  vein  close  to  the 
heart.  The  channel  which  unites  the  left  umbilical  vein  to  the  right 
omphalomesenteric  vein  is  the  ductus  venosus  Arantii.  When  the 
permanent  kidneys  and  hind  limbs  develop,  a  vein  passes  from  them 
Into  the  cardiac  end  of  the  right  omphalomesenteric  vein,  so  that  it 
l)ecomes  the  terminal  end  of  the  inferior  vena  cava. 

Whilst  these  changes  are  in  progress  numerous  mesenteric  veins 
develop,  and  open  into  the  hinder  portion  of  the  right  omphalomes- 
enteric, which  then  becomes  the  portal  vein,  and  at  first  empties  into 
the  sinus  venosus  Arantii.  The  hepatic  portion  of  the  left  omphalo- 
mesenteric vein  is  quite  obliterated,  and  that  vessel  ceases  to  enter 
the  heart ;  however,  its  hinder  part  may  persist  and  carry  blood  from 
the  mesentery  into  the  portal  vein,  with  which  it  acquires  com- 
munications. 

About  the  middle  of  the  twelfth  day,  and  when  the  iter  venosum  is 
upon  the  point  of  closure,  the  dorsal  diaphragm  develops  as  a  crescentic 
fold  projecting  from  the  side  body- wall  close  to  the  superior  venie 
cavfld,  and  uniting  the  dorsal  pericardium  to  the  dorsal  body-wall. 
As  the  thorax  develops  this  dorsal  diaphragm  travels  further  tail- 
wards,  its  hinder  most  dorsal  attachments  being  united  to  the  fore- 
end  of  the  urogenital  ridge,  and  its  ventral  attachments  with  the 
dorsal  part  of  the  liver  and  the  mesoblast  which  covers  it. 
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The  growth  and  development  of  the  dorsal  diaphragm  is  traced 
until,  upon  the  thirteenth  day,  it  unites  with  the  dorsal  mesentery, 
and  forms  a  complete  partition  between  the  thorax  and  abdomen. 
Finally,  the  development  of  the  crura  and  other  muscular  portions  of 
the  diaphragm  is  mentioned. 


III.  "An  Investigation  into  the  Function  of  the  Ocoipital  and 
Temporal  Lobes  of  the  Monkey's  Brain."  By  Sanger 
Brown,  M.D.,  and  E.  A*  SohIfer,  F.R.S.,  Jodrell  Professor 
of  Physiology  in  University  College,  London.  Received 
November  24,  1887. 

(Abstract.) 

This  paper  contains  a  record  of  a  series  of  experiments  on  the  brain 
ot  monkeys,  which  consisted  in  the  establishment  of  definite  lesions 
of  the  occipital  and  temporal  lobes,  and  the  observation  of  the  results 
of  such  lesions.  Drawings  showing  exactly  the  extent  of  the  lesion 
in  each  case  accompauy  the  paper. 
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December  22, 1887. 

AdmiMJ  Sir  GEORGE  HENRY  RICHARDS,  K.C.B.,  Vice- 
President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered 
for  them. 

The  following  Papers  were  read : — 

I.  ••  On  the  Heating  Eflfects  of  Electric  Currents.  No.  11." 
By  William  Henry  Preeoe,  F.R.S.  Received  Novembei 
24,  1887. 

On  March  19th,  1884,  I  submitted  to  the  Royal  Society  a  paper  on 
the  heating  effects  of  electric  currents,*  showing  the  strength  of 
current  necessary  to  fuse  the  fine  platinum  wire  employed  for  pro- 
tecting submarine  cables  from  the  ill  effects  of  atmospheric  electricity. 
The  paper  proved  that  the  law  that  regulates  the  production  of  heat 
is  one  which  can  be  expressed  by  the  formula  C  =  (uPf^,  "a"  being 
a  constant  dependent  on  the  metal  used,  and  '*  d  "  the  diameter  of  the 
wire.  The  current  observed  was  that  which  heated  the  wire  up  to 
the  point  of  self-luminosity  (525®  C). 

Since  '*  cut-outs  "  of  the  same  character  as  the  cable  lightning  pro- 
tector have  become  an  essential  feature  of  all  electric  lighting 
installations,  to  act  as  safety  fuses  when  from  accident  or  design  an 
excess  of  current  is  allowed  to  pass  through  the  conductor,  it  became 
most  desirable  to  determine  the  current  that  would  fuse  wires  of 
different  diameters,  and  of  different  materials,  so  as  to  determine  the 
coefficient  a  for  all  metals.  The  best  material  to  use  and  the  propei* 
dimensions  of  the  fusible  wire  to  be  employed  for  the  protection  of  the 
electric  light  conductors  would  thus  be  easily  deduced. 

My  source  of  electricity  was  a  large  secondary  battery  of  52  cells. 
I  could  regulate  the  current  flowing  at  will  by  a  rheostat  of  thick 
iron  wire,  and  by  varying  the  number  of  cells.  The  current  strength 
was  calculated  by  measuring  the  potential  difference  at  the  ends  of  a 
thick  flat  platinoid  bar,  whose  resistance  was  01822** ,  inserted  in  the 
circuit,  and  so  large  that  it  would  not  perceptibly  warm  up  nor  have 
its  renistance  appreciably  increased  with  any  current  used.  The  sizes 
of  wire  experimented  upon  were  limited  by  the  current.   It  is  not  safe 

•  *  Roy.  Soc.  Proc.,*  1884,  No.  281. 
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to  draw  upon  secondary  cells  for  more  than  10  amperes  per  negative 
plate  of  the  dimensions  at  present  followed.  The  packed  plates  dis- 
integrate and  become  damaged  with  too  great  an  output  of  current. 
Hence  all  my  experiments  were  made  with  currents  well  within  the 
range  of  the  battery.  I  obtained  samples  of  wire  of  various  metals 
and  of  various  diameters  from  0*004  inch  up  to  0'040  inch.  It  is 
convenient  to  take  these  measurements  in  thousandths  of  an  incb 
imihi),  for  all  our  maiiufeicturers  and  electric  light  engineers  in  the 
United  States  and  the  United  Kingdom  work  to  this  gauge.  The 
conversion  of  the  values  thus  obtained  into  the  metnoal  and  more 
scientific  system  is  very  simple.  The  wire  to  be  experimented  upon 
^was  clamped  between  two  small  brass  binding  screws  fixed  upon  a 
^rv  wooden  stand. 

I  pointed  out  in  my  previous  paper  how  the  cooling  effects  of  the 
terminals  or  binding  screws  might  vitiate  the  results,  and  how  neces- 
sary it  was  to  experiment  on  wires  of  sufficient  length  to  prevent 
any  error  occurring  from  this  cause.  I  used  lengths  of  6  inches  to 
determine  the  constants  for  wires  free  from  the  cooling  effect,  but 
lengths  of  1^  inch  with  massive  terminals  to  determine  the  constants 
for  wires  used  in  practice  as  "  cut-outs." 

The  cooling  effect  of  the  terminals  very  seriously  affects  the 
efficiency  of  the  cut-outs  used  in  actual  practice,  and  the  larger  the 
fnsing  wire  and  the  terminals  the  more  serious  is  the  error  intro- 
duced. On  the  other  hand,  the  greater  the  lengths  of  wire  used  as  a 
fuse  the  greater  the  resistance  inserted,  and  the  efficiency  of  the 
system  itself  may  be  reduced.  Cut-outs,  therefore,  should  be 
employed  sparingly  and  with  judgment,  and  the  fusing  wire  should 
not  be  so  short  as  to  impair  the  fusing  point. 

In  the  following  tables  I  have  tabulated  the  results  of  the  numerous 
experiments  made. 

When  we  consider  the  irregularities  in  drawing  these  fine  wires  to 
true  cylinders,  the  difficulty  in  determining  the  current  at  the  exact 
moment  of  fusion,  and  the  variation  in  the  specific  resistance  of  the 
metals,  I  think  the  results  must  be  considered  very  satisfactory  in 
support  of  the  law. 
Three  points  of  observation  were  taken  : — 

1.  The  melting  point  of  a  small  flake  of  shellac  placed  on  the  wire, 
which  may  be  taken  at  77*  C. 

2.  The  point  of  self- luminosity,  625**  C.  This  was  only  determined 
xX)ughly  in  air  without  the  dark  chamber  I  employed  previously. 

3.  The  fusing  current. 
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Series  I.  "  Cut-outs." 
Copper. 


Biaineter  of  wire. 

Current  in  amperes. 

Fusing 

current 

calculated 

from  the 

formula 

Amperes. 

Constant 

when  d 
expressed 
in  inches. 

In 
inches. 

In 
centi- 
metres. 

Standard 

wire 

gauge 

No. 

Flake  of 
shellac 
melted. 

Wire 

red  hot. 

Visible 

in  air. 

Wire 
fused. 

0  004 
0-005 
0  007 
0-010 
0  012 
0  014 
0018 
0  020 
0  026 

0  010 
0  013 
0  018 
0  026 
0030 
0  036 
0  046 
0-051 
0066 

42 
39 
37 
33 
30 
28 
26 
25 
22 

2-41 
2-896 
5-631 
9-976 
11-22 
13-68 
21-71 
24-03 
30*69 

8-067 
4-184 
7-OlK) 
14-160 
16-29 
19-30 
31-43 
85-61 
44  59 

8-299 
4-586 
7-724 
15-44 
19-35 
21-84 
36-40 
39  37 
54-43 

8-48 

4-87 

807 
14-23 
18-71 
22-86 
34-37 
89  05 
57-88 

Mean  » 

13083 
12964 
13183 
15433 
14748 
13162 
15066 
13699 
12978 

18807 
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Aluminium. 


Diameter  of  wire. 


In 

iuulics. 


In 
centi- 
metres. 


0004 
OO05 

O  010  ! 
0-012  '■ 

0-014 
0-018  ! 
O-02U  ' 
O-026 
O-030 


0  010 

0  013 
0018 
0  025 
0  030 

0  036 
0  046 
0  051 
0  066 
0076 


Standard 

wire 

gauge 

No. 


42 

89 
87 
33 
30 

2d 
26 
25 
22 
21 


Current  in  amperes. 


Flake  of 

shellac 

melted. 


Wire 

red  hot. 

Visible 

in  air. 


1-427 


{ 


1-851 
8  188 
4  •465 
6115 

7-722^ 
8-810 
13  032 


20  122 


1 

{ 


(a) 
(*) 
(«) 

W 
(«) 

(ft) 


2 

1 

2 

3 

5 

8 

13 

11 

18 

14 

22 

17 

35 

33 

44 

33 


'243 
•876 
•614 
•861 
'632 
•610 
•200 
•176 
•828 
•602 
•445 
-380 
-400 
-783 
•240 
•790 


Wire 

fused. 


Fusing 
current 
calcu- 
lated 
from  the 
formula 

Amperes 


} 


2-536.    2*686 


4  028 

5-712 

10  138 

13-840 

16-412 
22  688 
28  236 
44  256 
49  •SS 


8-549 

6  874 

10  021 

13  178 

16-606 
24  206 
28  860 
42  040 
52  100 

Mean  " 


Constant 


«'a" 


when 
d  ex- 
pressed 
in  inches. 


9028-8 

11872  0 

9782-6 

10132  0 

10523  •O 

9902-4 
9389 -4 
9977-3 
10551  0 
9597  2 


10025  0 


"^^f«. — The  wire  becomes  red,  and  then  immediately  much  brighter  (a  dull 
. .      ^^)y  owing  probably  to  oxidation.    To  reproduce  faint  redness  without  breaking 


n 

o 


'*  a  "  is  the  current  which 


circuit,  the  current  can  be  considerably  reduced. 

^^^«d  the  first  visible  rays  of  light,  and  so  quickly  changed  the  wire  to  a  brighter 

of  incandescence,  while  **  b**  is  the  reduced  current  which  reproduced  the 

redness.     If  the  experiment  be  repeated,  the  same  effects  are  obtained,  although 

^uolecular  structure  of  the  wire  seems  to  be  much  changed  by  the  first  heating. 

T  fusing  the  wire,  a  white  powder,  alumina,  is  found,  and  sometimes  a  white 

ue  bead.    A  wire  18  mils  diameter  and  10  inches  long  was  raised  to  faint  red 

,  11-22  amperes ;  it  glowed  (dull  white)  on  one  side  of  loop  with  11-58  amperes, 

^   when  the  heat  had  apparently  spread  over  the  whole  length  uniforndy,  redness 

^^X^pcared,  and  the  current  was  found  to  be  again  11-22  amperes.     The  wire  was 

^^t;  raised  to  a  moderately  white  in  •andeecent  state  with  15  93  amperes,  and  with 

■^•-^  current  broke  in  two  minutes. 
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Platinnm. 


Diameter  of  wire.   ' 

Current  in  amperes. 

Fusing 

current 

calculated 

from  the 

formula 

ad^i*. 

Amperes. 

1 

Constant 

when  d 
expressed 
in  inches. 

In 

1  inches. 

In 
centi- 
metres. 

Standard 

wire 

gauge 

No. 

Shellac 

flake 
melted. 

Wire 

red  hot. 

Visible 

in  air. 

Wire 

fused. 

0  010 
0-012 
0  014 
0  018 
0  020 
j     0  026 
1     0030 

0-025 
0  030 
0-036 
0046 
0-051 
0066 
0  076 

33 
30 
28 
26 
25 
22 
21 

2-365 

3  060 
3-916 
4-936 
5-926 
8-808 
9-618 

3-915 

5-424 

6-688 

8-320 

11  -430 

16  -316 

20-82 

6-281 
8  076 
9-625 
13  -378 
17-780 
25  -778 
30-47 

6-008 

7-00 

9-95 
14-50 
1700 
25-20 
81-20 

Mean  *» 

6278  -8 
6141  -3 
5808-4 
5537  1 
6282-3 
6145-8 
5863-6 

1 
1 

6008-2     : 

1 

Note, — The  ratio  of  perceptible  warmth  :  red  heat  :  fusing  point  is  (rougblj)  ai* 
1  :  2  :  3  in  platinum. 


German  Silver. 


Diameter  of  wire. 

Current  in  amperes. 

Fusing 
current 

Constant 

Tn 
inches. 

In 
centi- 
metres. 

Standard 

wire 

gauge 

No. 

Shellac 

flake 

melted. 

Wire 

red  hot. 

Visible 

in  air. 

Wire 
fused. 

calculated 
irom  the 
formula 

Amperes. 

when  d 
expressed 
in  inches. 

:     0  005 

0  013 

39 

0-910 

1-530 

2  150 

2  062 

6078-4 

0  007 

0-018 

37 

1-406 

2-150 

2-812 

3-415 

4799-3 

0-009 

0-023 

34 

1-905 

3-492 

5  000 

4-978 

5860*7 

0-012 

0  030 

30 

2-977 

5-460 

7-693 

7-666 

5849-8 

0  014 

0-036 

28 

3-639 

6-619 

9-926 

9-660 

5989 -3 

0-018 

0  046 

26 

4-757 

8-894 

13  -235 

13-560 

5478-1 

0-020 

0  051 

25 

5-790 

11-167 

15-717 

15-880 

5550-5 

0  026 

0  066 

22 

9-846 

15-342 

23-740 

23-550 

5060  0 

0  030 

0-076 

21 

15-055 

23-740 

30-690 

30-300 
Mean  «« 

5901-1 

5618  6 

1 
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Platinoid, 


Diameter  of  wire. 

Current  in  am 

p^res. 

Fusing 
current 

Constant 
it  „ »» 

In 
tocliee. 

In 
centi- 
metres. 

Standard 

wire 

gaage, 

No. 

Shellac 

flake 
melted. 

Wire 
red  hot. 
Visible 

•            ■ 

Wire 
fused. 

calculated 
from  the 
formula 

when  d 
expressed 
in  inches. 

in  air. 

Amperes. 

0  007 

0-018 

87 

1-609 

2092 

8*218 

3-223 

5491-8 

0-010 

0  025 

33 

2 -414 

3-379 

5-651 

5-503 

6195  -1 

0  012 

0  080 

30 

2-656 

4-666 

6-998 

6*820 

6325-1 

O014 

0-036 

28 

3*540 

6-108 

8-368 

8-590 

5045-9 

O-018 

0-046 

26 

4-626 

8-042 

12-230 

12-680 

5062-5 

0  020 

0-061 

25 

6-636 

9*604 

14-480 

14-680 

5116  -6 

O027 

0-069 

22 

9-253 

13  -275 

23  -832 

23-020 

5256-2 

O035 

0-069 

20 

11-263 

18-502 

82-986 

83-200 
Mean  *■ 

5035 '3 

5191  1 

Iron, 


Diameter  of  wire. 

Current  in  amperes. 

— _ 

Fusing 

Constant 

current 

•    In 
^^Mbet. 

In 
centi- 
metres. 

Standard 
wire 

gauge 
No. 

Shellac 

flake 

melted. 

Wire 
red  hot. 
Visible 

•            • 

Wire 
fused. 

calculated 
from  the 
formula 

when  d 
expressed 
in  inches. 

m  air. 

...^ 

Amperes. 

O-007 

0-018 

87 

1-101 

1-713 

1-998 

1  930 

3410-8 

0-010 

0  026 

83 

2*121 

2-896 

8-466 

8-435 

3460-7 

0-012 

0-030 

80 

2-406 

3-425 

8-996 

4-320 

8038-8 

0-014 

0  036 

28 

3-467 

4-364 

5-506 

5-460 

3826-5 

0-018 

0-046 

26 

3-915 

6-200 

7-750 

7-950 

8208-4 

0-020 

0  -€.51 

25 

6  028 

6-758 

9  012 

9-810 

3180-9 

0-026 

0-066 

22 

6-362 

11-500 

13 -212 

13-800 

3148-4 

0-030 

0-076 

21 

8-483 

14-843 

17-292 

17-100 

8326-1 

,       0-036 

0-091 

20 

18-702 

22-510 

24  145 

22-500 
Mean  « 

3533-2 

1 

3292-6 

^"i 
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I  waa  anxious  to  see  if  the  shellac  flake  had  any  inflnence 
fusing  CDirent: — 

(a.)  Shows  ihe  effect  with  shellac. 
(6.)  Without  shellac 

Tin. 


[Dec.  22. 
the 


niamcler  at 

•rira. 

Current  in  Bm[)Jr»w. 

T^i^ 

Coiutaat 

In 

inchM 

In 
metree. 

Standard 

gauge 
No. 

Hake 
melted. 

Wire 

wd  liot. 
ViribU 
in  air. 

Wire 

fused. 

fniq.  tlie 

when 
del- 

ininehM. 

0  010 

0  025 

as 

1-931 

2 '413 

2-736 

2-760 

2780-7 

0 

014 

0 

036 

2S 

3-181-[ 

?H?, 

'">t 

630 

\' 

670 

3051-5 

0 

OlS 

0 

04S 

26 

4-078 

SS4 

„. 

970 
117 

670 

28S4  8 

0 

osc 

0 

051 

25 

4-485 

fi)    6 

812 

„. 

281 
667 

810 

2709-8 

0 

026 

0 

066 

22 

6-933 

100 

(a)  10 

12 

■H3 

1M 

U 

600 

2897-6 

0 

030 

0 

076 

21 

S-300 

(i)13 

J«IS 

735 

B50 

1* 

330}  2683  -S 

033 

0 

084 

21 

II-3S0 

J '"'IS 

414 

16 

500I  2570-1 

° 

036 

0 

001 

20 

U  -745 

(b)n 

WIS 

620         17 

1*08 
860 

18 

800 

2575  -2 

Hca 

.- 

2762-8 

Hence  it  appears  that  shellac  acts  as  a  flnx  and  prevents  oxidation. 
Thnit  tin  fuses  at  a  temperature  less  than  that  of  Inminositj-. 
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Tin-Lead  Alloy. 


Diameter  of  wire. 


Current  in  amperes. 


In 
iBohes. 

Tn 
centi- 
metres. 

0  010 

0  025 

0  012 

0*030 

0-OU 

0  036 

0  020 

0  061 

0  026 

0  066 

0  030 

0  076 

0  083 

0084 

OOSR 

0  091 

Standard 

wire 

gauge 


88 
80 

28 
25 
22 
21 
21 
20 


1 

r 

1 


Shellac 

flake 
melted. 


•    9 

12-888 

•  • 

4-*586 

7-'5e6 

ll-lo2 

11-102 

13-616 


Wire 

red  hot. 

Visible 

in  air. 


{ 


2-494 

2-855 

3-942 

6-792 

9-331 

12  070 

14  000 

14 -962 


Wire 
fused. 


2 

2 

2 

3 

3 

4 

5 

6 

6 

9 

11 

12 

12 

14 

14 

li. 


132 
735 
378 

097 

298 

586 

309 

838 

206 

978 

102 

070t 

550 

OOOf 

240 

962t 


Fusing 

current 

i»lculated 

from  the 

formula 

Amperes. 


Constant 

when 
d  ex- 
pressed 
in  inches. 


2-491 

8-274 

4  127 

7-046 

10  -220 

12  -670 

I U  -620 

16-660 


]• 


} 


Mean 


2731-7 
2354  -7 
2774-2 
2420-1 
2385 -5 
2321 -6 
2333  -9 
2189-7 


2433-9 


•  With  sheUao. 

t  FuB«d  immediatelj  after  faint  redness  was  Yisible. 
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Lead. 


Diameter  of  wire. 


In 
inches. 

In 

centi- 
metres. 

0  010 

0  025 

0  012 

0  030 

0-014 

0-036 

0-018 

0  046 

0  020 

0-051 

0'02G 

0  066 

0030 

0  076 

0-033 
0  036 

0084 
0091 

Standard 

wire 

gauge 

No. 


33 
30 
28 
26 
25 
22 

21 

21 
20 


Current  in  amperes. 


Shellac 
flake 

melted 
with. 


1-666 

1  -825 

3-095 

3  016 

3  -810 

6-471 

6-838 

6*5*26 
7-831 


Wire 
red  hot. 
Visible 

in  air. 


1-984 
2-461 
3  016 
3*889 

4-827 
no  redness 
no  redness 


Wire 
fused. 


1-984 
2-341 
2-659 
2-777 
3-095 
3-821 
4023 
4-383 
4-907 
4-927 
7-000 
7-000 
8-366 
8-850 
10-93 
12*40 


Fusing 

current 

calculated 

from  the 

formula 

Amperes. 


\ 


1-990 
2-616 
3-296 
4-640 
5*430 
8-344 

8*980 

11-520 
18  120 

Mean  = 


Constant 


"a" 


when 
d  ex- 
pressed 
in  inches. 


2339-5 
2111  -6 
2305-3 
1811  -3 
1712  -3 
1668-5 

1702  1 

1828-2 
1814  -4 


1921-5 


*  Lead  wire  fuses  without  preriously  emitting  light  when  a  small  shellac  flake 
touches  the  wire. 


Series  II. 

The  second  series  of  experiments  was  made  to  determine  the  rela- 
tive effect  of  the  sudden  application  of  powerful  currents  on  wires  of 
different  materials  such  as  would  occur  if  in  practice  a  short  circuit 
suddenly  took  place.  An  electromotive  force  of  100  volts  was  osed, 
and  there  being  no  appreciable  resistance  in  the  external  circuit  but 
the  wire,  the  latter  was  subjected  to  the  blow  of  a  momentary  curreui^ 
of  immense  and  immeasurable  strength. 
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Metal. 


Tin 


»» 


»» 


91 


1  PUtinum  -  sflyer 
j  _  alloj 


Platinum  foil. 


I 


n 


•••••• 


Aluminium  foil .... 


»» 


»i 


Silver  foil 


Pure  silver  wire. . . . 

I 

!  Zinc  foil 

i 

I 

i 
Copper  wire 

Brass  wire 


Hard-drawn    bright 
steel  wire 


Mercury 


inches. 
0  -0186 


0*136 

0  136 
(repeated) 


0  064 


0061 

0- 001  thick 
0  '001  thick, 
0-512  wide 
0  -00025  thick, 
i  in.  wide 

0  001  thick 
0-004  thick, 

1  in.  wide 

0  -001  thick, 

1  in.  wide 

0  -001  thick, 
1^  in.  wide. 
6-017 


0  -008  thick, 
i  in.  wide 
0  003  thick, 
i  in.  wide 
2  strips 
No.  20  B.W.G. 

No.  18  B.W.a. 


No.  18  B.W.a. 


Remarks. 


Fused  with  a  sharp  report^  and  scat- 
tered molten  particles  quite  6  feet  in 
all  directions. 

Fuse  produced  little  more  than  a  large 
splay  of  metal. 

This  wire  was  enclosed  in  a  porcelain 
box  covered  by  a  glass  plate.  It  f  u»ed 
with  considerable  flame.  The  glass 
was  broken  into  fragments,  and  the 
porcelain  box  chipi)ed.  Some  fiery 
particles  were  thrown  about. 

One  inch  of  wire  was  put  into  an 
earthenware  box.  When  fused,  the 
particles  of  metal  were  securely  im- 
prisoned by  the  box  to  which  they 
adhered.  All  the  lead  was  resolved 
into  globules. 

Molt-en  particles  were  shot  a  distance  o^ 
9  feet. 

Molten  particles  thrown  about  4  feet. 


f» 


»> 


•I 


This  strip  of  foil  was  1\  in.  long.  Sparks 

thrown  a  few  inches  only. 
Molten  partideit  scattered  about  9  feet. 
Incandescing  particles  thrown  upwards 

and  around,  but  not  more  tlian  3  feet 

distant. 
Profuse  particles,  and  some  thrown  6 

feet  distant  in  a  white  hot  state. 
Not  so  much  splaying  as  in  last  experi- 
ment. 
No  incandescent  particles  reached  the 

ground.      The    wire    waa    destroyed 

with  a  sharp  report. 
Better    than  silver    foil,   no    particles 

being  scattered. 
A  few  particles  were  shot  about  4  feet; 

one  was  of  considerable  size. 

Large  incandescent  globules  scattered 
around  for  a  diBtanoc  of  4  or  5  feet. 

This  went  otl  with  a  flash,  and  threw 
to  a  short  distance  a  splaj  of  metal 
which  remained  incandescent  for  some 
momenta,  and  burnt  a  hole  in  the 
table. 

Scintillating  particles  flew  in  all  direc- 
tions to  a  great  distance.  This  was 
the  most  dangerous  break  of  all  the 
experiments. 

Considerable  flame  produced,  and  par- 
ticles widely  scattered. 
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The  conclusions  derived  from  these  experiments  Were  that  the  best 
metal  to  nse  for  small  diameters  was  platinum,  and  for  large  wires 
tin.  Platinum  fuses  in  a  wax-like  kind  of  way  without  explosion  or 
scattering  of  molten  particles.  Platinum  has  great  advantages  over 
other  materials  ;  it  neither  tarnishes  nor  deteriorates.  It  is  easil  j 
soldered. 

Tin  behaves  very  much  in  the  same  way  when  its  dimensions  are 
large.  But  it  is  very  questionable  whether  large  wires  shonld  over 
be  used  for  fusible  cut-outs.  Owing  to  radiation  the  surface  keeps 
cool  and  solid,  while  the  centre  is  molten  and  liquid.  It  bursts 
with  an  explosion,  and  the  incandescent  particles  are  forced  away 
radially  in  all  directions  with  considerable  energy. 

Fusible  cut-outs  are  effective  but  somewhat  barbarous,  and  from 
the  absence  of  any  scientific  enquiry  into  their  character  and  judg- 
ment in  their  use,  they  have  in  the  majority  of  instances  become 
rather  a  source  of  danger  than  of  safety. 


Series  III. 

The  third  series  of  experiments  was  made  to  determine  the  constant 
when  each  wire  was  G  inches  long  and  therefore  free  from  any 
cooling  effect  of  the  terminals. 


"a" 


Copper. 


Fusing 

em  rent 

calculated. 

Constant 

0-0<U               8-2r)3 
0-005               4-444 
0-007               7-618 
0-010             13-33 
0  013              15-55 
0-014             1714 
0  018             25-55 
0  020             27-77 
0  023              35-55 
0  030             52-69 

1 

2-95*5 
4- 130 
6-84-2 
11-684 
17-82 
19  -35 
28-22 
33-04 
40-75 
60-71 

12888 
12569 
13007 
13330 
10i91 
13835 
10580 
9818 
10192 
10140 

Mean  « 

11684 
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AlnmininTTi. 


DifLYnf^t^i* 

Actual 

Fusing 

1 

• 

fusing 

current 

Constant 

in 
inches. 

current  in 
amperes. 

calculated. 

•*  ar 

0*004 

3-322 

2  Oil 

13130 

0  0(7 

5-253 

4-654 

8970 

0  010 

10-20 

7-948 

10200 

0  012 

10-61 

10-45 

7996 

0  014 

16  19 

13  17 

9757-3 

0  018 

21  01 

19-20 

8700 

0  020 

23-48 

22-48 

8302 

0  026 

28-93 

33-33 

6900 

0-030 

37-08 

41  30 

7183 

0  033 

38-93 

47-66 

6493 

0  036 

43-80 

54-30 

6413 

0  040 

52-53 

63-57 
Mean  « 

6568 

7948-4 

Platinnm. 


Diameter 

• 

Actual 
fusing 

Fusing 
current 

Constant 

m 
inches. 

current  in 
ampdres. 

calculated. 

"a." 

0-004 

1-723 

•  • 

6826-5 

0  005 

2-192 

1-850 

6200 

0-007 

3-211 

3-080 

5482-7 

0-010 

6-285 

5-258 

5285 

0  012 

6-734 

6-910 

5122-8 

0  014 

8-104 

8-710 

4884 

0  018 

11-28 

12-700 

4671 

0-020 

13-78 

14 -872 

4872 

0  027 

22  -55 

23-330 

50S2  -8 

0030 

28  12 

27  -320 

5411-8 

0  033 

32  75 

31-520 

5463-2 

0  037 

37  08 

37-420 

6209-9 

0  040 

43-26 

42063 
Mean  = 

6407-4 

5258 
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German  Silver. 


Diameter 

in 

inches. 

Actual 

fusing 

current  in 

amperes. 

Fusing 

current 

calculated. 

Constant 
"  a." 

0  004 
0  005 
0  010 
0  012 
0  014 
0  018 
0  020 
0026 
0030 
0  033 
0  037 
0040 

1-825 
2143 
6*554 
6-824 
9-125 
12-78 
14-40 
20  16 
27  14 
30-90 
86-15 
43-26 

1-317 

1-840 

5-204 

6-840 

8-620 
12-57 
14-72 
21-82 
27-04 
31-20 
87-03 
41-63 

Mean  « 

7230 -7 
6061-8 
5554 
6191  -2 
5499  -4 
5292  -2 
5091-2 
4808-8 
5223-1 
5150           1 
5079           , 
5407 

5203  -7 

Platinoid. 

Diameter 

• 

Actual 
fusing 

Fusing 
current 

1 
1 

Constant 

in 
inches. 

current  in 

calculated. 

*'  a." 

amperes. 

ad^i^. 

0-007 

3  -675 

2-846 

6275 

0  010 

5-285 

4-860 

5285 

0-012 

6-532 

6-389 

49(59-1 

0  014 

8  O'M 

8  050 

4843-1 

0  018 

11-670 

11-74 

4832-6 

0-020 

14-21 

13-75 

5024 

0  016 

21-38 

22  77 

4563-2 

0  028 

28-436 

29-13 

4744 

0  035 

28-82 

81-82 

4401-3 

0  040 

40-67 

38-88 
Mean  » 

5084 

4860-7 
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Iron. 


Diameter 

• 

Actual 
fusing 

Fusing 
current 

Constant 

in 
inches. 

current  in 

calculated. 

"  a." 

amperes. 

ad"». 

0  007 

2-10 

1-869 

3586 -6 

0  012 

3-88 

4-194 

2951 -7 

0  014 

6-277 

6-285 

3180-3 

0  018 

7-142 

7-706 

2957-4 

0-020 

8-888 

9-026 

3142*8 

0-026 

13  02 

13-38 

3105*7 

0080 

15-71 

16*58 

3023*4 

0  033 

19-00 

19-13 

3169  0 

0  036 

21-90 

21-80 

3206*2 

0040 

28-74 

25-58 
Moan  >= 

8592 -6 

3190-9 

Tin. 


Diameter 

in 

inches. 

Actual 

fusing 

current  in 

ampdres. 

Fusing 

current 

calculated. 

Constant 
*•  a." 

0  010 
0  014 
0018 
0-020 
0  026 
0  080 
0-033 
0  086 
0  040 

2-65 
32-U 
4  095 
4*675 
6*570 
8*656 
9-430 
11*60 
18  14 

1*800 

2*983 

4*348 

6*093 

7*648 

9*356 
10-800 
12*30 
14-41 

Mean  * 

2550 
1959 
1696 
1653 
1667 
1666 
1573 
1699 
1643 

1800-6 
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Tin- Lead  AII07  (2  parts  of  Lead  to  1  part  of  Tin). 


Diameter 

in 

inches. 

Actual 
fusing 
current  in 
amperes. 

Fusing 

current 

calculated. 

Constant 
"  a." 

0  010 
0*0125 
0-014 
0-018 
0  020 
0  026 
0030 
0088 
0  086 
0  040 

2  124 
2  395 
2-472 
8-283 
8  515 
6-794 
6-990 
7-722 
8-961 
10-36 

1-465 
2-084 
2-411 
3-516 
4  117 
6  101 
7-662 
8-726 
9-941 
11-64 

Mean  -^ 

2124 

1714 

1493 

1369  6 

1243 

1382 

1345 

1289 

1312 

1294 

1466-6 

1 

Lead. 


Diameter 

in 
inches. 

Actual 

fusing 

current  in 

amperes. 

Fusing 

current 

calculated. 

Constant 
"  a." 

0-010 
0-012 
0  014 
0  018 
0-020 
0  026 
0  030 
0-086 
0  040 

1-893 
2-202 
2-688 
3-824 
4-171 
6  025 
7-182 
8-600 
10-74 

1-612 

1-988 

2-604 

8  662 

4-277 

6-339 

7-858 
10-38 
12  10 

Mean  » 

1898 
1676 
1665 
1684 
1475 
1437 
1382 
1269 
1842-5 

1512  -27 

i 
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The  value  of  the  constant  "  a  "  for  the   different  metals  is  thei-u- 
fore : — 


Copper 

Aln minium  . . 
Platinum  . .  . , 
German  silver 
Platinoid  .  • . , 
Iron    


m 


Alloys  (lead  and  tin,  2  to  1) 
Lead 


Inches. 

Ccntimetret 

11684-0    .. 

. .  2886-0 

7948-4    .. 

..  1964-0 

5258-0    .. 

. . .  12990 

5203-7    .. 

..  12850 

4860-7    .. 

. . .  1201-0 

3190-9    . 

...     788-0 

1800-6   . 

. . .    445-0 

1455-5   . 

. ..    359-5 

1512-27.. 

...    373-5 

The  values  in  the  second  column  are  obtained  from  those  in  the  first 
bj  multiplying  the  latter  by  t^t^j^  =  0-247. 

Since  C  =  ari*/^  gives  the  fusing  current  of  any  wire  of  a  given 
diameter  d,  inversely — 

C\3/s 


=© 


will  give  the  diameter  of  the  wire  which  will  fuse  with  a  given 
current  C.  Very  useful  tables  can  thus  be  calculated  which  would  be 
of  service  to  the  electric  light  engineer. 

[Jan.  5, 1888. — In  all  these  experiments  the  results  obtained  on 
wires  finer  than  those  recorded,  viz.,  those  below  10  mils,  were  ex- 
cluded, because  it  was  found  that  they  did  not  follow  the  law  of  the 
3/2  power.  In  the  discussion  which  followed  the  reading  of  the  paper, 
Professor  Ayrton  pointed  out  that  this  must  be  so,  and  that  it  followed 
from  Mr.  Box's  researches  of  1868*  that  the  current  required  to 
maintain  a  fine  wire  of  a  given  material  at  a  given  definite  excess  of 
temperature  is  approximately  directly  proportional  simply  to  the 
thickness  of  the  wire.  This  has  been  fully  developed  in  a  paper  read 
before  the  Society  of  Telegraph-Engineers  and  Electricians,  November 
24,  lb87  ('Journal,*  vol.  16,  p.  539).] 


•  *  A  Practical  Treatige  ou  Heat/  1863. 
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II.  "  A  Contribution  to  the  Study  of  the  Comparative  Anatomy 
of  Flowers."  By  Rev.  G.  Henslow,  M.A.,  F.L.S.  Com- 
municated by  Dr.  B.  W.  RiOHARDSON,  F.R.S.  Received 
December  2,  1887. 

(Abstract.) 

The  author  first  drew  attention  to  the  importance  of  the  class  of 
observations  illustrated  in  this  paper ;  for  by  referring  all  the  floral 
organs  back  to  their  vascular  cords,  or  **  axial  traces,"  their  real 
origins  could  be  discovered,  whenever  their  developmental  history 
was  incapable  of  showing  them. 

Taking  the  cords  as  "  floral  units,'*  he  showed  how  they  can  give 
rise  to  axes  as  well  as  all  kinds  of  floral  appendages.  The  two  ele- 
ments of  which  a  cord  is  composed  are  tracheas  or  spiral  vessels  and 
sieve- tubes,  &c..  or  soft  bast.  The  significance  of  the  relative  posi- 
tions of  these  two  elements  was  pointed  out,  and  M.  Ph.  van 
Tieghem's  distinction  between  axial  and  foliar  characters  of  cords, 
i.e.,  in  having  the  trachesB  on  the  side  of  the  medulla  in  the  former, 
and  on  the  outside  in  the  latter,  was  criticised  as  being  by  no  means 
constant,  especially  as  regards  the  floral  cords ;  inasmuch  as  a  more 
general  rule  is  for  the  tracheas  of  the  latter  to  be  exactly  central  or 
scattered  irregularly  in  a  groundwork  of  phloem. 

After  describing  the  arrangements  in  peduncles  and  pedicels  in 
which  endogens  often  have  their  cords  as  regularly  placed  as  in 
exogens,  the  author  explained  the  different  ways  by  which  pedicels 
of  umbells  are  formed  in  each  class  respectively,  and  how  they  are 
supplied  with  cords  from  the  common  peduncle. 

He  next  pointed  out  the  phylJotactical  origin  of  the  number  of 
parts  in  floral  whorls,  and  how  the  various  arrangements  of  their 
members  become  altered  in  consequence  of  the  union  of  their  cords 
below,  so  that  the  proper  angular  divergences  are  not  maintained, 
and  parts  often  become  superposed  which  would  otherwise  alternate 
in  position. 

The  union,  separation,  reunion  and  fusion  of  cords,  as  well  as  the 
way  in  which  they  may  shift  their  positions,  were  discussed,  and  the 
effects  produced  by  such  processes  were  explained. 

The  results  of  the  multiplication  of  parts  brought  about  by 
"  chorisis  *'  of  a  cord  were  illustrated  ;  whereby  a  simple  cord  of  a 
pedicel  could  give  rise  to  any  number  of  floral  parts,  such  as  the 
members  of  different  whorls,  as  in  the  case  of  Campanula  mediufn,  in 
which  a  simple  axial  cord  supplied  a  sepaliiie,  a  dorsal  carpellary,  a 
ist»minal  and  half  a  petaline  cord  :  or  when  a  repetition  of  the  same 
kind  occurs,  as  in  double  flowera. 
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Considerable  light  is  thrown  upon  the  phenomena  of  cohesion  and 
adhesion  by  this  method  of  investigation ;  and  especially  on  the  ttn> 
differentiated  state  of  organs  when  in  congenital  union.  This,  if 
thoronghly  nnderstood,  completely  clears  np  the  difficulties  surround- 
ing the  interpretation  of  the  "  receptacular  tube  "  and  the  **  inferior 
ovary." 

The  investigation  into  the  character  and  distribution  of  the 
vascular  cords  reveals  the  true  nature  of  the  axile  and  free  central 
placentations ;  in  the  former  case,  it  shows  that  with  scarcely  any 
exception  the  axis  takes  no  part  in  the  structure,  all  *'  carpophores," 
**  stylopods,"  Ac,  being  simply  the  coherent  and  hypertrophied 
margins  of  the  carpels. 

Similarly  the  free-central  placenta  of  Primulaceoe  received  its  in- 
terpretation as  being  coherent  and  ovaliferous  bases  of  five  carpels 
ivhich  have  the  upper  parts  of  their  margins  cohering  in  a  parietal 
xnanner  and  without  ovules. 

The  illustrations  are  of  about  sixty  genera,  and  nearly  twenty 
orders. 

The  author  proposes  continuing  his  observations. 


IIL  '*The  early  Stages  in  the  Development  of  Antedon  rosacea.'* 
By  H.  Bury,  B.A.,  F.L.S.,  Scholar  of  Trinity  College, 
Cambridge.  Communicated  by  P.  Herbert  Carpenter, 
D.Sc,  F.R.S.,  F.L.S.     Received  December  7,  1887. 

(Abstract.) 

The  materials  for  this  study  were  obtained  from  Naples  in  the 
winter  of  1886-87.  In  the  orientation  of  the  larva,  J.  Barrois* 
sQggestion  (*Compte8  Rendas,*  November  9th,  1886)  has  been  adopted, 
viz.,  that  the  stalk  of  the  pentacrinoid  represents  the  preeoral  lobe  of 
other  Echinoderm  larvae. 

Development, 

External  Form, — Segmentation  is  regular,  and  a  gastrnla  is  formed 
by  invagination.  The  blastopore  closes  early  and  the  larva  gradually 
elongates.  Ciliation  is  at  first  uuiform,  but  soon  an  anterior  tuft  of 
cilia  and  five  ciliated  bands  become  visible,  and  the  intermediate  cilia 
disappear.  The  anterior  ciliated  band  is  incomplete  ventrally,  and  is 
either  absent  in  the  British  form  or  escaped  Wyville  Thomson's 
notice. '  Two  ciliated  depressions  also  appear  on  the  ventral  surface. 
The  anterior  one  ("  pseudoproct  "  of  W.  Thomson)  may  be  called  the 
"prBBoral  pit;"  and  the  posterior  one  (" pseudostome ")  the  "larval 
moath."     The  "  yellow  cells  '*  (green  by  transmitted  light)  ai^^^oar 
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before  the  rapt  are  of  the  yltelline  membrane,  and  are  absent  from  the 
ciliated  areas. 

The  free  larva  swims  with  the  terminal  tuft  of  cilia  directed  for- 
wards.  A  white  patch  on  its  left  side  between  the  third  and  fourth 
ciliated  bands  marks  the  position  of  the  "  water-pore." 

Internal  Anatomy, — The  gastrala  has  at  first  no  mesoderm,  but  this 
soon  becomes  budded  off  from  the  archenteron.  The  blastopore  cIosob 
near  the  posterior  end,  but  whether  ventrallj  or  dorsally  could  not  be 
determined.  The  archenteron,  which  onlj  occnpies  the  posterior  half 
of  the  larva,  soon  divides  into  two  parts;  the  posterior  of  these 
(enterocele)  assumes  the  form  of  a  dumb-bell,  round  the  constricted 
part  of  which  the  anterior  half  (mesenteron)  grows  till  it  forms  a 
complete  ring.  The  two  swellings  of  the  dumb-bell  soon  separate  to 
form  the  right  and  left  body-cavities  respectively.  From  the  anterior 
])art  of  the  mesenteron  are  budded  off  the  hydrocele  (left  and  ventral),, 
and  an  unpaired  anterior  body-cavity. 

By  a  change  in  position  of  the  right  and  left  body-cavities  (incor- 
rected  described  by  Qotte),  the  left  body-cavity  becomes  posterior 
find  ventral,  while  the  right  becomes  anterior  and  dorsal:  the  latter 
Honds  a  five-chambered  prolongation  into  the  prsBoral  lobe,  to  form 
the  rudiment  of  the  "chambered  organ."  The  hydrocele  forms  a 
ring,  incomplete  towards  the  left,  on  the  ventral  side  of  the  mesen- 
teron, and  soon  forms  five  ventral  pooches.  Shortly  before  fixation, 
the  anterior  body-cavity,  which  extendi  far  into  the  prsBoral  lobe, 
opens  to  the  exterior  on  the  left  side  by  the  "  water-pore." 

Underneath  the  anterior  tuft  of  cilia  and  the  prseoral  pit,  and  down 
the  sides  of  the  larval  mouth,  run  fine  fibres,  which  appear  to  be 
parts  of  a  larval  nervous  system  which  disappears  when  the  larva 
Ijses  its  freedom. 

Fixation  and  Subsequent  Changes, 

After  swimming  freely  for  about  twenty-four  hours,  the  larva  fixes 
itself  by  means  of  the  praeoral  pit,  which  forms  the  disk  of  attachment. 
The  ciliated  bands  then  disappear,  and  the  larval  mouth  invaginates 
to  form  the  vestibule,  which  is  rotated  to  the  posterior  end,  as  de- 
scribed by  Barrois  ('  Comptes  Rendus,'  May  24th,  1886).  At  the 
name  time  all  the  tissues  undergo  histolysis,  and  the  mesenteron 
becomes  filled  with  cells  badded  in  from  the  centre  of  the  hydrocele 
ling. 

The  right  and  left  body-cavities,  which  are  now  both  dorsal,  grow 
rapidly  round  to  the  original  ventral  side,  being  separated  by  a  trans- 
verse mesentery,  and  each  forms  a  longitudinal  mesentery  near  the 
original  ventral  radius.  The  free  end  of  the  larva  may  be  called  the 
oral  end,  since  the  month  now  appears  as  a  depression  in  the  floor  of 
the  ve6tibule. 
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The  anterior  body-cayity  is  now  small  and  lies  near  the  oral  end 
in  the  body-wall.  Into  it  opens  the  water-tube  or  stone-canal,  which 
rons  from  the  water- vascular  ring  in  the  oral  longitudinal  mesentery, 
and  is  distinguishable  from  the  anterior  body-cavity  by  its  higher 
epithelium.  It  is  not,  therefore,  in  direct  continuity  with  the  water- 
pore.  The  anus  opens  externally  in  the  same  interradius  as  the 
water-pore. 

The  Skeleton  remains  to  be  described.     Shortly  after  the  orals  and 
basals  have  appeared,  three  small  plates  are  developed  at  the  posterior 
end  of  the  stem,  which  resemble  the  basals  in   form  but  are  not 
derived  from  them.      They  are  so  arranged  that   the  most  dorsal, 
which  is  smaller  than  the  other  two,  lies  on  the  right  side  opposite 
the  inten*adiuB  of  the  «water- pore.     These  three  plates  are  the  un- 
doubted homologues  of   the  under-basals   of  the   dicyclic   Crinoids 
{Poteriocrinus,  Encrtnusj  8^c,).     Shortly  after  the  fixation  of  the  larva 
they  fuse  with  one  another  and  with  the  top  stem- joint,  so  as  to  form 
a  large  plate  which  has  hitherto  been  mistaken  for  a  simple  centro- 
dorsal.     The  five  radial  angles  of  this  plate  belong  to  the  under- 
Ijasals,  and  it  is  only  at  a  much  later  period  that  these  angles  are 
liidden  by  the  growth  of  the  true  centrodorsal  (=  top  stem- joint) > 
^e  angles  of  which  become  interradial  when  its  cirri  appear. 


IV.  **  Heat  Dilatation  of  Metals  from  low  Temperatures."  By 
Thomas  Andrews,  F.R.S.E.  Communicated  by  Professor 
G.  G.  Stokes,  P.R.S.    Received  November  30,  1887. 

It  is  understood  that  the  coefficients  of  heat  dilatation  increase 
with  rise  of  temperature ;  but  Professor  P.  G.  Tait,  in  his  recent 
work  on  '  Heat,'  p.  87,  remarks  that  **  we  are  not  aware  of  any 
experiments  made  with  a  view  of  deciding  whether,  as  is  probable, 
these  coefficients  become  gradually  less  as  the  temperature  is  lowered 
below  zero"  (0**  C). 

The  following  experiments  were  made  to  investigate  the  subject  in 
relation  to  metals  of  the  iron  and  steel  series.  The  varieties 
of  modem  steels  manufactured  by  recent  processes  manifest  pro- 
perties sufficiently  diverse  as  almost  to  constitute  them  distinct  groups 
of  metals,  although  for  practical  purposes  they  are  conveniently 
grouped  under  the  generic  name  of  steel.  Some  of  these  modem 
metals  have  recently  been  so  largely  used  for  constructive  purposes 
that  the  author  considered  it  desirable  to  obtain  an  approximate 
quantitative  estimation  of  their  dilatation  by  heat  through  varied 
ranges  of  temperature.  The  rolled  metals  under  observation  in  the 
experiments  consisted  of  round  polished  bars,  3  inches  diameter,  and 
13  inches  long,  planed  perfectly  square  at  each  end  \  they  ^ere  cax^ 
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fall;  mauipalated  daring  manafacture,  and  were  selected  from  the 
author's  standard  Bamples,  Laving  the  chemical  compooition  given  in 
Table  I.     ■ 

The  range  of  temperatare  chosen  for  the  observations  was  from 
-45°C.  to300°C. 

The  experiments  vrere  conducted  as  follows  : — For  the  measure- 
ments commeacing  at  the  low  temperatare  of  — 45°C.,  the  bars 
(having  preTioDslj  been  slowlj  reduced  to  the  teniperatnre  of  0°C., 
and  then  gradnallj  cooled  to  —18°  C.)  were  placed  upright  in  the 
bath  A  (see  fig.),  and  immersed  in  a  freezing- mixture  of  three  parta 
ofcalcinm  chloride  and  two  parts  of  snow,  each  of  these  ingredients 
previooB  to  mixing  being  maintained  in  separate  jacketed  freeeing 


^ — -^ 

i^n 

•••• 

»  ®  ®  ® 

\  A         A   / 

^^^H 

\  mmy 

-tanks  at  a  temperature  of  —  18°C.  The  vessel  A,  containing  the 
Inrs  and  the  calcium  chloride  freezing- mixture,  was  fnrther  sor- 
Tonnded  b;  another  compartment  holding  a  qnantitj  of  a  freeeing- 
mixtnre  of  anow  and  salt  at  a  temperatui-e  of  —20"  C.  Bj  this  means 
and  by  constantly  renewing  the  calcium  chloride  and  snow  mixture 
during  the  experiments,  an  uniform  temperature  of  —45°  C,  as 
rc^tered  by  an  alcohol  thermometer,  was  maintained  for  the  experi- 
ments in  the  cold  bath  A. 

Much  larger  cooling  tanks  of  a  snow  capacity  for  each  charge  of 
8  cvts.  were  nsed  for  the  large  forginge,  and  n.  large  cast  metal  oil- 
bath  having  a  capacity  of  about  70  gallons  of  oil  was  used  for  the 
highest  temperature. 

The  bars  remained  thus  immersed  in  the  freezing  bath  whilst 
their  internal  temperature  was  regularly  ascertained  by  another 
alcohol  thermometer  placed  in  a  hole  in  the  oenirQ  ol  V^ie>  \jen\.\»x  (u. 
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wherein  was  also  placed  a  little  alcobol.  When  the  bars  had  reached 
and  remained  for  some  time  at  the  registered  temperature  of  —45**  C, 
each  was  in  turn  removed  and  placed  on  a  snitable  wooden  frame, 
and  its  length  instantly  and  carefuUj  measured  by  telescopic  readings 
from  a  delicate  micro-vernier  gaage  (deviations  of  y^nnr  ^^  ^^  inch 
were  perceptible)  also  supported  on  a  snitable  rigid  stand.  The  bars 
were  then  replaced  for  a  short  time  in  the  freezing-mixture  and  again 
removed  and  their  diameter  then  carefully  measured.  No  perceptible 
alteration  in  the  temperature  of  the  bars  occurred  during  the  very 
short  time  occupied  in  taking  the  observations,  and  frequent  tests 
were  made  to  ascertain  this.  The  average  of  about  thirty  measure- 
ments in  each  case,  both  longitudinal  and  transverse,  was  regarded 
as  fairly  accurate.  The  dimensions  of  the  bars  were  taken  in  a 
similar  manner  for  the  temperature  from  — 18®  C,  substituting  in 
another  cold  bath,  B,  a  freezing-mixture  of  snow  and  salt  to  obtain 
this  temperature,  and  using  powdered  ice  and  snow  for  the  observa- 
tions at  0^  C.  The  higher  temperature  observations  were  obtained  by 
heating  the  whole  of  the  bars  in  a  large  hot-water  bath  for  the  period 
necessary  to  insure  that  their  temperature  throughout  was  as  re- 
quired, and  the  oil  bath  was  used  for  the  temperature  of  300^  C. 
Liability  to  temperature  errors  was,  as  far  as  possible,  carefully 
guarded  against  by  constant  reference  and  comparison  between  the 
bath  thermometers  and  that  in  the  centre  of  the  test  bar,  and  by 
keeping  the  bars  immersed  during  sufficiently  long  periods. 

The  hammered  metals  under  observation  were  large  forgingfs  of  the 
different  metals  7  feet  3  inches  long,  and  5  inches  diameter,  planed 
perfectly  square  at  the  ends  and  turned  and  polished  bright.  Th©- 
measurements  were  taken  on  the  total  length  of  the  forgings,  as  in 
the  case  of  the  rolled  metals,  to  ensure  greater  accuracy,  the  experi- 
ments being  conducted  in  somewhat  similar  manner :  but  owing  to 
the  greater  length  of  the  forgings,  a  modification  of  the  method  was 
made.  One  end  of  the  forging  was  rigidly  secured  and  the  expansion 
ascertained  by  measuring  the  diminishing  space  between  the  other 
end  of  the  forging  and  a  fixed  point  situated  a  distance  from  it.  The 
results  are  recorded  on  Table  II. 


General  Remarks. 

It  is  interesting  to  notice  that  the  coefficients  of  dilatation  were 
greater  in  the  case  of  the  **  soft "  than  the  "  hard  "  steels,  a  circum- 
stance which  may  be  accounted  for  by  a  reference  to  Table  I  of  the 
analyses,  from  which  it  will  be  seen  that  the  percentage  of  combined 
carbon  was  much  lower  in  the  "  soft  "  than  in  the  "  hard  '*  steels,  the 
percentage  of  pure  iron  was  consequently  also  greater  in  the  *'  soft  '* 
steels,  this  caused  them  to  \>e  oi  «b  V^«lWt  ^.-^clfic  fj^i^vity.     The 
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results  on  Table  II  appear  also  to  indicate  another  circumstance  of 
metallurgical  interest,  viz.,  that  the  dilatation  was  generally  rather 
more  in  the  direction  of  the  length  of  the  metallic  cylinders  than 
when  measured  across  the  diameter,  numerous  repeated  experiments 
confirmed  this.  The  result  appears  more  marked  in  the  large  round 
forgings  of  hammered  steels  and  wrought  iron  than  in  the  case  of  the 
rolled  bars.  It  would  therefore  seem  probable  that  the  crystalline 
particles  of  the  metals  suffer  slight  permanent  alteration  of  form  in 
the  direction  of  their  length  during  the  process  of  rolling  or  drawing 
out,  sufficient  to  very  slightly  affect  their  relative  longitudinal  and 
transverse  dilatations. 

Furthermore,  the  observations  of  this  memoir,  conducted  at  these 
Tery  low  temperatures,  experimentally  confirm  the  suggestion  of 
Professor  Tait,  inasmuch  as  the  coefficients  of  dilatation  were  found 
generally  to  decrease  with  the  reduced  temperature  below  O^G.  The 
author  also  found  such  to  be  the  case  in  his  observations  on  the  '*  Heat 
Dilatation  of  pure  Ice  from  very  low  Temperatures."  (See  *  Roy. 
Soc.  Proc.,*  June,  1886,  No.  245,  p.  544.) 

It  may  be  remarked  that  many  tons  of  the  various  freezing 
mixtures,  snow,  &c.,  were  required  for  the  experiments. 


Appendix. — Received  January  12,  1888. 

I  think  it  would  be  misleading  to  use  the  figures,  given   in  the 
second  column   (Table  II),  of  the  dilatation  from  —18®  C.  to  100°  C. 
for  purposes  of  exact  comparison  with  the  other  results.     The  co- 
efficients for  dilatation    between    the    small  margin  of  —45**  C.  and 
—18**  C.  could  not  be  accurately  inferred  from  the  results  recorded  in 
Table  B,  because  the  series  of  experiments  from  —18*  C  to  100°  C. 
were  not  made  consecutively  with  the  other  observations.     The  mole- 
cular condition  of  the  metals  in  that  series   (— 18**C.  to  100°  C.)  I 
consider  was  probably  somewhat  different.     Judging  from  the  whole 
of  the  results  over  the  wider  I'anges  of  temperature,  I  do  not  think 
that    the    coefficients    for    the    temperature    between    —45°  C.    and 
— 18°  C,  whenever  specially  determined,  will  be  found  to  be  of  a 
comparative  negative    character,  or    vitiate  the  general  conclusions 
arrived  at  in  this  paper.     Tlie  whole  series  of  observations  I  believe 
coincide  in  establishing  the   reduction   of   the   coefficients   of  heat 
dilatation  with  reduced  temperature.     I  hope  to  make  further  investi- 
gations at  these  low  temperatures. 

The  Society  adjourned  over  the  Christmas   Recess  to  Thursday, 
January  12th,  1888. 


1887.]  Presents.  305 


Presents,  December  22,  1887. 
TransactioDS. 
Brussels : — ^Mnsee  Royal  d'Histoire  Naturelle  de  Belgique.  Annales. 
Tome  XIII.    Text  and  Plates.    Folio  and  Obi.  Folio.  Bruxelles 

1886.  The  Museum. 
Coimbra: — Universidade.      Annuario.      1886-87.      8vo.    Coimhra 

1887.  The  University. 
GraE: — ^NaturwissenRchaftlicher   Verein    fiir     Steiermark.      Mit- 

theilungen.     Jabrg.  1886.     8vo.  Oraz  1887.  The  Verein. 

London : — Foreign  OflBce.      Catalogue  of  Printed   Books  in   the 

Library  31st  December,  1885.     Small  Folio.  Londtm  1886. 

The  Foreign  Office. 
Quekett  Microscopical  Club.    Journal.    Vol.  III.  No.  20.    8vo. 

London  1887;  with  July  1882,  and  January  1883.  8vo.  London. 

The  Club. 
Boyal  Institute  of  British  Architects.     Journal  of  Proceedings. 

Vol.  IV.  No.  3.  4to.  London  1887.  The  Institute. 

Madrid  : — Institute  Geogrdfico  y  Estadistico.     Memorias.     Tomo 

VI.  8vo.  Madrid  1886.  The  Institute. 

Montreal: — Canadian  Society  of  Civil  Engineers.     Transactions. 

Vol.  I.  8vo.  Montreal  1887 ;   Charter,  Bye-Laws,  and  List  of 

Members.    8vo.  Montreal  1887.  The  Society. 

Santiago : — Deutscher  Wissenschaf  tlicher  Verein.   Verhandlungen. 

Heft  4.  8vo.  Valparaiso  1886.  The  Verein. 

Shanghai: — Royal    Asiatic    Society.      China    Branch.      Journal. 

Vol.  XXI.  Nos.  5-6.  8vo.  Shanghai  1887.  The  Society. 

Stockholm : — Kongl.  Svenska  Vetenskaps-Akademie.     Bihang  till 

Handlingar.      Bandet  XI.    Hafte  1.     8vo.     Stockholm   1886. 

Bandet  XII.     Hafte  1-4.    8vo.    Stockholm  1887 ;    Ofversigt. 

Arg.  44.  Nos.  7-8.  8vo.  Stockholm  1887.  The  Academy. 

Sydney: — Linnean  Society  of  New  South  Wales.      Proceedings. 

Vol.  II.  Part  1.  8vo.  Sydney  1887.  The  Society. 

University.     Calendar.     1887.  8vo.  Sydney,        The  University. 

Tokyo : — College    of    Medicine,  Imperial    University    of    Japan. 

Mitteilungen.     Band  I.  No.  1.  4to.  Tokio  1887. 

The  College. 

College  of  Science,   Imperial   University  of  Japan.     Journal. 

Vol.  I.  Part  3.  4to.  Tokyo  1887.  The  College. 

Toulouse : — Faculty  des  Sciences.    Annales.  Tome  I.  Ann6e  1887. 

4to.  Paris,  The  Faculty. 


306  Presents.  [Dec.  22, 

Observations  and  Reports. 

Briinn: — Meteorologische      Commission      des      Natnrforschenden 

Vereines.     Bericht.     8vo.  Brunn  1885.  The  Verein. 

Calcutta  : — Indian  Maseam.     A  Catalogue  of  tbe  Moths  of  India. 

Part  I.     Sphinges.     8vo.  Calcutta  1887.  The  Museum. 

Meteorological  Observations  recorded  at  Six  Stations  in  India. 

January  to  May,  1887.     Folio.  \_Calcutta'], 

The  Meteorological  Office,  Calcutta. 
Coimbra : — Observatorio.    Ephemerides  Astronomicas.    1888.    4to. 

Coimhra  1887.  The  Observatory. 

Dorpat: — Sternwarte.      Meteorologische     Beobachtungen.      1887. 

Februar-Mai.     8vo.  Dorpat.  The  Observatory. 

Dun    Echt : — Observatory.      Circular.      Nos.   148-161.      [Sheet] 

Bun  Echt  1887.  The  Earl  of  Crawford,  F.R.S. 

Helsingfors : — Exploration   Internationale    des    Regions   Polaires, 

1882-84.     Expedition   Polaire  Finlandaise.     Tome   II.     4to. 

Helsingfors  1887.  The  Meteorological  Office. 

Hobart : — Parliament  of  Tasmania.     Report  on  the  State  Reserve 

at  Mount  Wellington.     Folio.    Tasmania  1887 ;   Annual  Re- 
port,  Woods  and    Forests    of    Tasmania,    1886-87.      Folio. 

Ta,smania.  The  Lands  Office,  Hobart. 

India: — Geological   Survey.     Records.      Vol.  XX.   Part  3.   8vo. 

lOalcutta]  1887.  The  Survey. 

Kiel: — Commission    zur    Untersuchung    der    Deutschen    Meere. 

Fiinfter  Bericht.     1882-1886.     4to.  Berlin  1887 ;    Ergebnisse 

der   Beobachtungsstationen.      Jahrg.  1886.     Heft  7-12.    Obi. 

4to.  Berlin  1887.  The  Commission. 

London : — Board    of    Trade.      Standards    Department.      Report. 

1887.     Folio.  London.  The  Department. 

Luxemburg  : — Observations  Met^orologiques",  faites  a  Luxembourg. 

Vols.  III-IV.  8vo.  Luxembourg  1887. 

Inst  i  tut  Royal  Grand -Ducal  de  Luxembourg. 
Melbourne: — Mining  Department.     Reports  of  the  Mining  Regis- 
trars, quarters  ended  30th  June  and  31st  March,  1887.     Folio. 

Melbourne.  The  Department. 

Milan  : — Reale  Osservatorio  di  Brera.     Pubblicazioni.     No.  XXXI. 

4to.  Milano  1887.  The  Observatory. 


Ashbumer  (C.  A.)  The  Geologic  Distribution  of  Natural  Qtw  in 
the  United  States.  8vo.  [^Philadelphia  1886] ;  The  Geologic 
Relations  of  the  Nanticoke  Disaster.  8vo.  [Fhiladelphial 
1887.  The  Author. 


«87.]  Presents,  307 

Bary  (A.  de),  For.  Mem.  R.S.  Lectures  on  Bacteria.  Translation  by 
H.  E.  F.  Garnsej.  Revised  by  I.  B.  Balfour.  Second  improved 
edition.  8vo.  Oxford  1887.  The  Clarendon  Press. 

Bierens  de  Haan  (D.)  Bonwstoffen  voor  de  Geschiedenis  der 
Wis-  en  Natuurkundige  Wetenschappen  in  de  Nederlanden. 
Verzameling  2.  8vo.  Leiden  1887.  The  Author. 

Blomefield  (Rev.  L.)  FuHher  Results  of  Meteorological  Observa- 
tions made  at  the  Bath  Royal  Literary  and  Scientific  Insti- 
tution.    8vo.  Bath  1887.  The  Author. 

Collie  (N.)  Ueber  einige  Condensations producte  des  Amido- 
acetessigathers  mit  Salzsaure.  8vo.  Berlin  1887 ;  On  the 
Action  of  Heat  on  the  Salts  of  Triethyl  benzyl  phosphonium. 
8vo.  [Londcm]  1887.  The  Author. 

and  E.  A.  Letts.     On  a  New  Method   for   the  Preparation 

of  Tin  Tetrethyl.  8vo.  [London]  1886;  On  the  Salts  of 
Tetrethylphosphonium  and  their  Decomposition  by  Heat.  8vo. 
[Ixmdon']  1886.  The  Authors. 

Drygalski  (E.  von)  Die  Geoiddeformationen  der  Eiszeit.  8vo. 
Berlin  1887.  The  Author. 

Dufourcet  (E.)  Influence  des  Ph^nomenes  Sismiques  sur  Tin- 
tensity  des  Courants  Telluriques.     8vo.  Box  1887. 

The  Author. 

Fodera  (F.  A.)  La  Funzione  Cromatica  nei  Camaleonti.  8vo. 
Palermo  1887.  The  Author. 

Oanser  (A.)     Das  Ende  der  Bewegung.     8vo.  Graz  1888. 

The  Author. 

(Jray  (T.)  On  an  Improved  Form  of  Seismograph.  8vo.  London 
1887.  The  Author. 

Bjffley  (G.),  F.R.S.  A  Blackbird's  Widowhood,  Wooing,  and 
Second  Wedding.  (Selborne  Society  Letters.)  8vo.  [Londonl 
1887.  The  Author. 

Him  (G.-A.)  La  Thermodjnamique  et  T^tude  du  Travail  chez  les 
Etres  Vivants.  4to.  Paris  1887 ;  Construction  et  Emploi  du 
Metronome  en  Mu&ique.  4to.  Paris  1887 ;  Th6orie  et  Appli- 
cation du  Pendnle  a  deux  Branches.     4to.  Paris  1887. 

The  Author. 
India   Rubber,   Gutta   Percha,  and   Telegraph   Works   Company, 
Limited.     Soundings  taken  1885-87.     8vo.  London  1887. 

The  Company. 
Katzenelsohn   (N.)     Ueber  den  Einfluss  der  Temperatur  auf  die 
Elasticitat  der  Metalle.     8vo.  Berlin  1887. 

The  Author. 
KoUiker  (A.),  For.  Mem.  R.S.     Der  jetzige  Stand  der  morpholo- 
giscben  Disciplinen  mit  Bezug  auf  allgemeine  Fragen.     8vo. 
Jena  1887.  'Y\i^  k^VJivc^T, 


308  Presents, 

Kops  (Jan)     Flora  Batava.     Afl.  277-78.     4to.  Leiden  1887. 

The  Netherlands  Iiegation. 

Lawes  (Sir  J.  B.),  F.R.S.  Memoranda  of  Field  and  other  Experi- 
ments conducted  on  the  Farm  and  in  the  Laboratory  at 
Bothamsted.     4to.  London  1887.  The  Author. 

Martone  (M.)  Dimostrazione  di  un  celebre  Teorema  del  Format. 
8vo.  Gatanzaro  1887  ;  Sopra  un  Problema  di  Analisi  Indeter- 
minata.     8vo.  Gatanzaro  1887.  The  Author. 

Michel  (Prof.  J.)  tTber  Sehnerven-Degeneration  und  Sehnerven- 
Kreuzung.  Festschrift  der  Medizinischen  Fakultat  der  Uni- 
versitat  Wiirzburg  zur  Feier  des  LXX.  G^burtstages  des 
Herm  Professor  A.  von  Kolliker.     4to.  Wurzhurg  1887. 

Prof.  Kolliker,  For.  Mem.  R.S. 

Norman  (J.  H.)  Norman's  Single  Grain  System.  8yo.  London 
3887.  The  Author. 

Senier  (A.)  Ueber  Gyanursaure,  ihre  Isomeren  und  Derivate. 
Inaugural-Dissertation.     8vo.  Berlin  1887.  The  Author. 

Smith  (S.  P.)  The  Eruption  of  Tarawera,  New  Zealand.  8yo. 
Wellington  1887,  Survey  Office,  N.Z. 


(hi  the  Nephridia  of  Perichaeta.  309 


January  12,  1888. 

Professor  G.  G.  STOKES,  D.C.L.,  President,  in  the  Chair. 

The  Bight  Hon.  Arthur  James  Balfour,  whose  certificate  had  been 
suspended  as  required  by  the  Statutes,  was  balloted  for  and  elected  a 
fellow  of  the  Society. 

The  Presents  received  were  laid  on  the  table  and  thanks  ordered  for 
^hem. 

The  following  Papers  were  read : — 

I.  "Preliminary  Note  on  the  Nephridia  of  Perichaeta''  By 
Frank  E.  Beddard,  M.A.,  Prosector  to  the  Zoological 
Society  of  London,  Lecturer  on  Biology  at  Guy's  Hospital. 
Communicated  by  Professor  E.  Ray  Lankester,  M.A., 
LL.D.,  F.R.S.     Received  December  21,  1887. 

The  following  observations  are  the  result  of  a  study  of  a  species  of 
Perichaeta^  which  is  probably  identical  with  Perrier*s  P.  asjpergiUum,* 
I  owe  a  nnmber  of  excellently  preserved  examples  to  the  kindness  of 
Mr.  Shipley,  Fellow  of  Christ's  College,  Cambridge. 

Li  transverse  sections  of  the  anterior  segments  the  nephridia  are 
seen  to  form  numerous  tufts  of  glandular  tubules  closely  related  to 
the  body-wall  and  to  the  septa.  This  appearance,  which  is  also  seen 
in  dissections,  is  very  different  from  that  of  most  other  earthworms, 
and  has  been  commented  upon  by  other  observers.  Perrier,  in  fact, 
expressed  the  opinion  that  these  organs  in  Perichaeta  are  in  a  rudi- 
mentary condition.  I  shall,  however,  bring  forward  reasons  for 
believing  that  they  are  in  a  very  archaic  condition. 

The  remarkable  appearance  of  the  nephridia  led  me  to  infer  that 
I  should  find  the  external  apertures  in  each  segment  to  be  numerous, 
as  I  showed  to  be  the  case  in  Acanthodrilus.f  1  may  take  the  oppor- 
tanity  of  stating  that  in  the  latter  species  (A,  muUiporus)  there  is 
apparently  a  very  much  greater  number  of  nephridiopores  in  the 
anterior  than  in  the  posterior  segments ;  in  certain  of  the  anterior 
segments  I  counted  over  one  hundred.  I  am  now  able  to  state  that 
this  is  also  the  case  in  Perichaeta  (in  all  probability  in  other  species 
besides  P.  aspergillum).  The  external  pores  lie  between  the  setaa, 
but  have  no  regularity  in  their  arrangement ;  frequently  there  were 
three  or  four  between  two  successive  setad,  as  often  there  seemed  to 

•  *  PariB,  Mu8.  Hist.  Nat.  Nouy.  ArchiTes/  1872. 
t  *  Boy.  Soc.  Proc.,*  1885, 
VOL.  XLTII.  ^  k 
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be  only  one  or  two.  Tbe  minute  strnctnre  of  tbe  tenninal  section  of 
nephridia  is  slightly  different  from  that  of  Acanthodrilus.  I  bave 
also  found  that  Typhaeus  and  a  new  genus,  whicb  I  propose  sbortly 
to  describe  under  tbe  name  of  Dichogaster,  bave  many  nepbridiopores 
in  eacb  segment.  Another  point,  to  wbich  I  wisb  to  direct  atten* 
tion  in  this  communication,  is  tbat  in  Perichaeta  there  is  a  connexion 
between  the  nephridia  of  successive  segments. 

Quite  recently  Ed.  Meyer*  and  Gunningbamt  have  sbown  tbat  in 
La/nice  conchilega  tbe  nepbridia  of  eacb  side  are  connected  by  a  con- 
tinuous longitudinal  duct.  This  discovery  is  in  accord  witb  tbe  pre- 
sumed origin  of  tbe  Annelid  from  tbe  Platyhelmintb  excretory 
system,  and  also  with  tbe  development  of  Polygordius  (Hatcbek)  and 
LumbridM.X  In  Perichaeta  the  connexion  between  tbe  nepbridial 
tufts  of  successive  segments  is  not  brought  about  by  a  continuous 
longitudinal  duct,  one  on  eacb  side  of  the  body,  but  by  numerous 
tubules  wbicb  perforate  the  intersegmental  septum.  Thus  it  appears 
that  the  nephridial  system  of  Perichaeta  c-onsists  of  a  nettoork  of  tubules. 
lu  this  respect  Perichaeta  agrees  witb  the  leech  Pontobdeilay^  but 
difiPers  in  the  presence  of  numerous  nepbridiopores  in  eacb  segment. 

These  facts  appear  to  lend  further  support  to  tbe  view  that  it  is 
possible  to  derive  the  annelid  from  tbe  platyhelmintb  excretory  system. 
Lang  has  pointed  out  tbat  tbe  ''secondary"  pores  by  whicb  the 
excretory  organ  of  tbe  Platyhelminths  communicates  with  tbe  exterior 
have  probably  given  rise  to  the  nepbridial  pores  in  the  Annelida ;  by 
a  subsequent  arrangement  of  these  in  a  metameric  fashion,  and  by  the 
breaking  up  of  tbe  nepbridial  network,  tbe  paired  nepbridia  bave 
originated.  The  longitudinal  canal  has  disappeared,  except  in  the 
cases  that  I  bave  already  mentioned.  In  some  Platyhelminths  the  longi- 
tudinal canals  are,  partly  at  least,  broken  up  into  a  network ;  and  it  is 
this  condition  which  has  persisted  in  Perichaeta  and  PontohdeUa ;  more- 
over in  some  Platyhelminths,  where  the  "  secondary "  pores  bave 
become  metamerically  arranged,  there  are  more  than  one  pair  to  each 
**  segment."  For  this  reason  it  is  perhaps  allowable  to  regard  the 
condition  of  tbe  nepbridia  in  Perichaeta  as  more  archaic  than 
PontohdeUa.  The  disappearance  of  the  connexion  between  the 
nepbridia  of  successive  segments  leads  to  tbe  condition  wbich  exists  in 
Acanthodrilus ;  tbe  reduction  of  the  external  pores,  already  perceptible 
in  tbe  posterior  segments  of  A.  muUiporus,  culminates  in  the  disap- 
pearance of  all  but  two  in  eacb  segment.  Tbe  irregularity  in  the 
position  of  these,  wbich  is  best  marked  in  Plutellus,  is  the  last  trace 
of  the  presence  of  multiple  nepbridiopores  in  eacb  segment. 

•  Quoted  by  Lang,  "  Die  Poljcladen." — Naples  Monograplu. 

t  *  Nature,'  June  16, 1887. 

X  Wilson,  'Journal  of  Morphofogy,*  vol.  1,  No.  1. 

§  *  Quart.  Joum.  Microsc.  Sci.,*  1885. 
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11.  "  Invariants,  CoVariants,  and  Quotient  Derivatives  associated 
with  Linear  DiflFerential  Equations."  By  A.  R.  FORSYrH, 
M.A.,  F.R.S.,  Fellow  of  Trinity  College,  Cambridge.  Re- 
ceived January  7,  1888. 

(Abstract.) 

The  present  memoir  deals  with  the  covariantive  forms  associated 
with  the  general  ordinary  linear  difEerential  equation  ;  it  is  strictly 
limited  to  the  consideration  of  those  forms,  withoat  any  discussion  of 
their  critical  character. 

The  most  general  transformation,  to  which  such  equation  can  be 
finbjected  without  change  of  linearity  or  of  order,  is  one  whereby  the 
dependent  variable  y  is  transformed  to  u  by  a  relation 

y  =  «/(»). 

and,  at  the  same  time,  the  independent  variable  x  is  changed  to  z ; 
and,  when  these  transformations  are  effected  on 


ao  that  it  becomes 


2  p  _j±_^zy  -  0 


there  are  r  relations  between  the  coefficients  P  and  Q  ;  and  Pq  and 
Q^  may  manifestly,  without  loss  of  generality,  be  taken  equal  to 
unity. 

It  is  shown  that,  from  these  relations,  others  can  be  deduced  which 
are  of  the  tjpe 


V(P)  =  (I)'  Y-CQ). 


where  ^(P)  is  an  algebraical  function  of  the  coefficient  P  and  their 
derivatives.  Such  a  function  is  called  an  invariant  of  index  p ;  and 
irreducible  invariants  are  of  two  classes,  fundamental  and  derived. 

It  is  convenient  to  have  expressions  for  the  invariants,  when  the 
differential  equation  has  an  implicitly  general  canonical  form.  In  the 
first  place  it  may  be  supposed  that  Pj  and  Q^  are  both  zero  ;  otherwise 
both  equations  can  by  substitutions  of  Y  for  y  e/**»^  and  U  for 
tt«/^i^  be  reduced  to  forms  in  which  the  terms  involving  the  (n— l)th 
differential  coefficients  of  the  dependent  variable  do  not  occur.  The 
relation  between  the  dependent  variables  is  now 
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and  the  ezpressions  of  the  simplest  invariants  are 


©8  —  ^s^o^a* 


8 

2 


similar  expressions  being  obtained  for  G^  and  G7.  The  expression  for 
each  of  the  n— 2  invariants  of  this  class  is  shown  to  consist  of  two 
parts,  one  of  which  is  linear  in  the  coefficients  and  their  derivatives, 
the  other  of  which  is  not  linear  but  every  term  contains  as  a  factor 
either  Pg  or  some  derivative  of  Pj, 

It  is  then  proved  that  there  is  an  implicitly  general  form  of  the 
eqnation  for  which  both  Q^  and  Q^  vanish ;  this  form,  taken  as  the 
canonical  form,  is  obtainable  (as  is  known  from  earlier  investigations) 
by  the  previous  determination  of  the  multiplier  of  the  dependent 
variable  and  by  the  determination  of  the  independent  variable  from 
the  equation 

or  its  equivalent,  t— qH — 7-7^2^  =  0^, 

^  dx*    n  +  l    ^ 

where  z*  =  0"^. 

For  this  canonical  form  of  equation  the  expressions  of  the  foregoing 
n— 2  invariants  are  given  in  the  form 

where  «i,<r  is  unity  and,  for  values  of  r  greater  than  1, 

^    (ir-l)(ir-2)2(ir-3)2  .  .  .  (g-r-f  D^  (ff-r) 
**'•''        2  .  37.  .  r  (2«T-3)  (2«T-4)  .  .  .  (2«T-r-l)' 

These  invariants  are  called  priminvariants. 

The  proof  of  these  results  occupies  the  second  section  of  the  memoir. 
The  first  section  is  devoted  to  a  short  historical  sketch  of  the  growth 
of  the  subject,  reference  being  made  to  the  investigations  of  Cockle, 
Laguerre,  Brioschi,  Malet,  and,  especially,  of  Halphen,  all  of  whom 
have,  so  far  as  concerns  the  theory  of  forms,  discussed  either  semin- 
varianta  only  or,  with  the  single  exception  of  63  for  the   ntic,  in- 
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Tariants  of  tlie  cabio  and  the  qnartio  in  forms  which  differ  from  the 
canonical  form  herein  adopted. 

In  the  third  section  derived  invariantt  are  obtained,  all  in  their 
canonical  forms ;  they  are  derived  from  the  primin variants  bj  one  or 
other  of  two  processes  called  the  quadriderivative  and  the  Jacobian. 
The  irreducible  invariants  are  ranged  in  classes  according  to  their 
degrees.     The  qnadrin variants  consist  of  n— 2  functions, 

and  of  n— 3  independent  functions  of  the  form 

and  every  class  of  invariants  of  degree  higher  than  the  second 
contains  n—2  invariants,  each  in  that  class  associated  with  one  of  the 
priminvariants  in  successive  derivation  according  to  the  law 

e^,r  =  <re,re',r.r-i-K^+i)e;'e<r.r-u 

Propositions  relating  to  the  dependence  of  the  derived  invariants  are 
proved  in  the  section ;  and  simpler  equivalent  forms  are  obtained  later 
in  the  memoir. 

In  the  fourth  section  covariants  are  discussed.  The  iaransformation 
of  the  dependent  variable  in  the  second  section  shows  that^  with  the 
adopted  definition  of  in  variance,  viz.,  reproduction  save  as  to  a  power 
of  z',  the  dependent  variable  is  a  covariant.  A  set  of  dependent 
variables,  associate  with  the  original  dependent  variable,  is  obtained 
\yy  the  application  of  a  theorem  due  to  Clebsch.  Denoting  these  by  Vf^ 
^m  •  •  •  •)  v,»_i,  for  the  untrans formed  equation,  and  by  ^,  ^,  .  •  .  ., 
^•-i>  for  the  transformed  equation,  we  have 

%o  that  these  associate  variables  are  covariants.   The  variable  Vf  satisfies 
«  linear  differential  equation  of  order  '    ,     \    ^ ;   and,  in  particular, 

Vn-i  is  the  variable  of  Lag^nge^s  "adjoint**  equation.     The  follow- 
ing inferences  relating  to  these  variables  and  equations  are  made : — 

(a)  The  dependent  variables  form  a  complete  system,  that  is, 
functional  combinations  of  them,  similar  to  those  by  which 
they  are  obtained,  are  expressible  in  terms  of  members  of 
the  system ; 

O)  The  associate  linear  equations  in  variables  which  have  the 
same  index  are  mutually  adjoint ; 

(7)  The  invariants  of  the  associate  linear  equations  are  expressible 
in  terms  of  the  invariants  of  the  original  equation. 
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In  the  fifth  seotioD  these  dependent  yariables  are  treated  in  the 
same  manner  as  the  priminvariants  in  the  third,  and  giye  two  classes  of 
Innctions — identical  oovarianU^  which  in  their  canonical  form  involye 
dependent  variables  only,  and  mixed  oovaHantff  which  involye  depen- 
dent variables  and  coefficients  of  the  original  eqoatidn.  The  former 
class  •  includes  series  of  oovariants,  each  involving  only  one  of  the 
dependent  variables  ;  the  law  of  successive  formation  is 

^P.r+i  =  l>(n-l>)vj»V'^,r-r(ni)-i>»-2)V^,r  V» 

for  each  of  the  associate  variables.  But  other  functions  which 
involve  more  than  one  of  the  variables,  e.g.,  the  Jacobian  of  two  of 
them,  are  omitted,  for  they  can  be  algebraically  compounded  by 
means  of  the  mixed  covariants.  The  number  of  independent  identical 
oovariants  in  the  succession  is  one  less  than  the  order  of  the  equation 
satisfied  by  the  variable :  but  a  modification  of  this  number  is  neces- 
sary when  they  are  considered  as  covariants  of  a  differential  quantic 
instead  of  being  considered  covariants  of  a  differential  equation.  For 
in  this  base  we  must  either  retain  the  quantic  and  all  derivatives 
from  it — ^when  there  is  no  modification  of  the  number  of  identical 
covariants ;  or  the  number  is  unlimited,  and  then  the  quantic  and  its 
derivatives  are  composite. 

The  mixed  covariants  which  are  irreducible  are  proved  to  consist 
only  of  first  Jacobians  of  some  one  of  the  invariants  and  all  the 
dependent  variables  in  turn. 

The  aggregate  of  the  concomitants  is  constituted  by  the  three 
classes  of  functions  thus  obtained,  viz.,  invariants,  identical  covariants, 
and  mixed  covariants. 

In  the  sixth  section  the  results  previously  derived  are  applied  to 
equations  of  the  second,  the  third,  and  the  fourth  orders ;  solely, 
however,  for  the  sake  of  illustration  and  not  for  purposes  of  critical 
discussion  of  classes  of  these  equations. 

For  the  equation  of  the  second  order  the  only  result  obtained  is  a 
reproduction  of  Schwarz*s  theorem ;  the  equation  has  no  invariant. 

For  the  equation  of  the  third  order,  the  canonical  form  of 
which  is 

u"'\-Q^u  =  0, 

and  which  has  a  single  priminvariant,  one  or  two  questions  are 
solved;  in  particular,  the  differential  equation  satisfied  by  the 
quotient  of  two  solutions  of  the  cubic  is  obtained,  and  there  is  thence 
deduced  a  quotient-derivative,  which  is  the  analogue  of  Schwarz's 
derivative  for  the  quadratic. 

For  the  equation  of  the  fourth  order  there  are  two  canonical  forms, 
viz. : — 
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to  which  the  explicitly  general  quartic  can  be  reduced  by  the  Bolntion 
of  linear  differential  equations  of  the  second  and  the  third  order 
respeotiyelj.  The  difEerential  equation  satisfied  by  the  quotient  of 
two  solutions  of  the  quartic  is  obtained ;  and  in  this  connexion  there 
arises  a  quartic  quotient-derivative.  Finally,  the  associate  equations 
of  the  quartic  are  formed ;  and  it  is  verified  that  all  their  invariants 
are  expressible  in  terms  of  the  invariants  of  the  original  quartic. 

The  seventh  section  is  really  a  digression  from  the  main  subject  of 
the  paper ;  it  is  concerned  with  the  special  class  of  functions  which 
occur  in  the  preceding  section  and  are  called  quotient-derivatives. 
The  quotient-dei'ivatives  of  lowest  order  are 


b"  ,  3*" 
b'"  ,  3«"  ,    Zb 


=  [«,  ^L; 


=  b^^\\ 


B"    ,  5«»^  ,  10«'" 

^nd  so  on ;  in  these  the  differential  coefficient  of  highest  order  which 
Occurs  is  of  odd  order,  and  thence  these  derivatives  are  said  to  be  o/T 
oe/d  order.  The  two  most  important  propositions  which  relate  to  them 
^re,  first,  if 


^hen 
"vrhere 


[<r,  b']m    =    0,  [«,  Z']n    =    0,  [2,  X\    =    0, 

[«T,  x\    =    0, 

/>-!  =   (m-l)(n-l)(;)-l); 


cmd  second,  that  the  law  of  change  for  homographic  transformation  of 
\)oth  variables  is  * 


[ 


There  is  then  investigated  the  series  of  similar  functions  of  even  order 
in  the  form 


< 


«" ,  it 


»•» ,  4s'",  6s" 
and  so  on ;  and  a  connexion  between  the  two  classes  is  given. 


t"  ,2s',    s 
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Up  to  this  point  the  results  in  the  memoir  which  relate  to  the 
derivation  of  covariantive  forms  have  been  synthetically  obtained ;  the 
eighth  (and  last)  section  relates  to  their  analytical  derivation.  It  is 
shown  that,  for  a  homographic  transformation  of  the  independent 
variable  applied  concnrrently  with  the  proper  transformation  of  the 
dependent  variable,  the  canonical  form  of  the  differential  equation  is 
maintained.  These  transformations  are  applied  to  prove,  by  the 
method  of  infinitesimal  variation,  that  every  concomitant  0  in  its 
canonical  form  satisfied  the  linear  partial  differential  equation 


n! 

where  n  =  — ; r.     This  is  called  the  form- equation.     Such  a  con- 

pin—pi  ''  ^ 

comitant  0  also  satisfies  the  equation 


where  \  is  the  index  of  the  concomitant.  This  is  called  the  index 
equation;  and,  when  the  form  of  0  is  known,  it  merely  determines  X, 
which  can  be  written  down  from  an  inspection  of  the  concomitant. 

These  equations  are  applied,  (i)  to  the  identical  covariants  in  t*, — 
(ii)  to  the  invariants  derived  from  83, — for  each  of  which  simplified 
equivalent  functions  are  obtained  for  derivatives  of  order  higher  than 
the  third, — and  (iii)  to  verify  that  the  Jacobian  of  a  priminvariant  and 
any  of  its  derived  invariants  satisfies  the  equations.  Lastly,  by  means 
of  the  theory  of  partial  differential  equations,  it  is  proved  that  the 
«^ggr©gate  of  concomitanis  obtained  in  the  earlier  part  of  the  memoir 
is  complete,  that  is,  that  any  concomitant  can  be  expressed  as  an 
algebraical  function  of  the  members  of  that  aggregate. 
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Electrical  Review  (The)     July  to  December,  1887.  Folio.  London. 

The  Editor. 
Industries.     July  to  December,  1887.  Folio.     London. 

The  Editor. 
Meteorologische    Zeitschrift.     Juli — Dezember,   1887.     Sm.   folio. 
Berlin.  Oesterreichische  Gesellschaft  fiir  Metoorologie. 

Morskoi  Sbomik,  1887.  Nos.  1-12.  8vo.  St.  Petersburg. 

The  Compass  Observatory,  Cronstadt. 
Nature.    July  to  December,  1887.  Roy.  8vo.    London, 

The  Editor. 
New  York  Medical  Journal.     July  to  December,  1887,    4to.   New 
York.  The  Editor. 

Notes  and  Queries.     July  to  December,  1887.  4to.  London. 

The  Editor. 
Observatory  (The)     July  to  December,  1887.  8vo.  London. 

The  Editors. 
Practical  Engineer.    March  to  July,  1887.  4Ao,  London. 

The  Editor. 
Repertorium  fiir  Meteorologie.  Baud  X.  4to.  St.  Petershourg  1887. 

The  Academy  of  Sciences,  St.  Petersburg. 
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Jonmals  (^continued), 

Bevae  Internationale  de  r£]ectricit6.  Jnillet — D^embre.    8yo. 

Pom.  The  Editor. 
Symons's  Monthly  Meteorological  Magazine.     July  to  December, 

1887.  8vo.  London.  Mr.  Symons,  F.R.S. 

Zeitachrift  fur  Biologic.   Band  XXIY.  Hefte  1-2.  8vo.    Munchen 

1887.  The  Editors. 


Barboza  Bodrignes  (J.)     0  Tamakoar^,  Especies  novas  da  Ordem 

das  Temstroemiaoeas.  Folio.     Jlandos  1887.  The  Author. 

Ebert  (H.)     Ueber  die  Abhangigkeit  der  Wellenlange  des  Liohtes 

von  seiner  Intensitat.  8vo.  Leipzig  1887.  The  Author. 

Gegenbaur  (C),   For.  Mem.  B.S.     Zur  Kenntniss  der  Mammar- 

organe  der  Monotremen.  4to.  Leipzig  1886 ;  Ueber  die  Occipi- 

ialregion  der  Fische.  4ito.  Leipzig  1887.  The  Author. 

Jervis  (W.)     Delle  Cause  dei  Movimenti  Tellurici.    8vo.    Torino 

1887.  The  Author. 

Le  Chatelier  (H.)    Bechercbes  Exp^rimentales  sur  la  Constitution 

des  Mortiers  Hydrauliques.  8vo.  Paris  1887.  The  Author. 

liindeldf  (L.)   Trajectoire  d'un  Corps  sur  la  Suiface  Terrestre.  4to. 

Helsingfors  1887.  The  Author. 

Mueller  (Baron  von),  F.R.S.    Iconography  of  Australian  Species  of 

Acacia.     Decades  1-4.  4to.  Melbourne  1887. 

The  Government  of  Victoria. 
BcMbeler  (F.  C.)     Norges  Yaeztrige,  et  Bidrag  till  Nord-Europas 

Natur-  og  Cultarhistorie.    Bind  I.  Hefte  2.  Bind  II.  Hefte  1. 

4to.  Christiania  1886.  Dr.  Schubeler. 

TIbompson  (E.E.)     List  of  the  Mammals  of  Manitoba.  8vo.  Toronto 

1886.  The  Author. 
'Whitehonse  (C.)     The   Raian  Moeris;   or    Storage    Reservoir  of 

Middle  Egypt.  8vo.  London  1887 ;  The  Caves  of  Staffa.   8vo. 

1887.  The  Author. 


A  copy,  in  silver,  of  the  Jubilee  Medal  of  the  Numismatic  Society. 

Mr.  John  Evans,  Tx-eas.  R.S. 
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January  19,  1888. 

Professor  STOKES,  D.C.L.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  titanks  ordered 
for  them. 

The  following  Papers  were  read : — 

I.  *•  Notes  on  the  Spectrum  of  the  Aurora.*'    By  J.  Norman 
LoCKYER,  F.R.S.    Received  January  9, 1888. 

I  exhibited  to  the  Society  on  November  17, 1887,  a  tabular  statement 
showing  the  bright  lines  seen  in  the  spectra  of  various  celestial  bodies, 
and  I  also  gave  those  recorded  in  the  spectrum  of  the  Aurora  showing 
many  remarkable  coincidences. 

I  now  find  that  the  connexion  is  closest  between  the  auroral 
spectrum  and  that  of  stars  Za,  and  in  anticipation  of  a  subsequent 
communication  of  details  I  send  on  the  accompanying  table,  showing 
the  origin  of  Dan6r*s  bands,  so  far  as  1  have  at  present  made  them 
out,  and  their  connexion  with  the  spectrum  in  question. 

The  individual  observations  which  I  have  used  in  the  table  are 
those  collected  by  Mr.  Capron  and  Mr.  Backhouse  (*  Nature,'  vol.  7, 
pages  182,  463). 
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Addendum. — Received  January  19, 1888. 

The  following  table  shows  the  above  figures  in  another  form  as 
inclades  the  bright  lines  recorded  in  7-Cassiopei89 : — 


Aurora. 

Dunn's  bands. 

Bright  lines  in 
y-CassiopeiiB. 

Probable 
origin. 

Ware-length 

of  probable 

origin. 

4S1 

■  • 

•  • 

CH 

431 

474 

460—474  (10) 

•  • 

C(bofc) 

474 

m  • 

•  • 

462-3 

Sr 

460-7 

483 

477—485    (9) 

•  • 

C  (cool) 

483 

500 

44*5—503    (8) 

499 

Mg 

500 

516-5 

516—521  j^yj 

616-7 

C(hot) 

516-5 

620  1 

• 
•  • 

Mg 

520  I 

531 

•  • 

531 

Coronal  line 

•  • 

•  • 

542-2 

Mn 

540 

545 

545—550    (5) 

•  • 

Zn(l) 

546 

558 

559—564    (4) 

565-7 

Mn  (1) 
Mn(2) 

558 

•  • 

585—595    (3) 

586 

586 

615 

616—627    (2) 

616 

Fe(l) 

616 

G35 

•  • 

635-6 

• 

.  • 

XL  '*  On  the  Secondaiy  Carpals,  Metacarpals,  and  Digital  Raj 
in  the  Wings  of  existing  Carinate  Birds.'*  By  W.  1 
Parker,  F.R.S.    Received  Januaiy  1 1,  1888. 

In  a  paper  "  On  the  Morphology  of  Birds,"  already  sent  in  to  tJ 
Royal  Society,  hut  not  yet  pnhlished,  I  have  described  certain  add 
tional  parts  in  the  wings  of  Gallinaceoas  hirds. 

One  of  these  lies  on  the  radial  side  of  the  first  metacarpal ;  tl 
other  two  are  on  the  nlnar  side  of  the  second  and  third  metacarpah 

These  parts,  which  at  first  cansed  me  considei*abIe  surprise,  heii 
wholly  unexpected  by  me,  are  only  part  of  what  I  have  since  foui 
in  other  families. 

Daring  the  past  year  I  have  worked  out  the  development  of  tl 
skeleton  in  the  Duck  tribe  ("Anatidae**),  in  the  Auk  tribe  ("Alcidad* 
and  in  the  Gull  tribe  ("  Laridas  '*),  and  to  some  degree  in  some  oth 
families.  The  subject  appears  to  me  to  be  of  great  interest,  and 
have,  through  various  English  and  American  friends,  obtained  mai 
scores  of  embryos  and  young  birds,  &c.,  that  I  may  be  able  to  tra 

*  This  line  ia  seen  as  a  pretty  bright  line  in  the  spectrum  of  the  Limeri 
meteorite,  but  its  origin  has  not  yet  been  determined,  altliough  comparisons  hi 
been  made  with  most  of  the  common  elements.  So  far,  it  has  not  been  observed 
an/  other  meteorite. 
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these  parts  in  erery  main  gp*oap  of  the  Class.  Normally,  both  the 
existing  Carinatao  and  Batitee,  and  such  extinot  forms  as  have  been 
worked  out — Archcaopieryx^  Hesperamts,  Ichthyomis — show  that  the 
primary  form  of  the  bird's  wing  is  simply  tri-digitate.  In  this  I  agree 
with  Baur,  who  has  helped  me  greatly  in  this  matter,  both  by  his 
valuable  papers  and  also  by  personal  discussion  with  me. 

The  normal  '*  manus ''  of  a  carinate  bird  contains  two  per- 
manently  distinct  carpals :  three  carpals  that  lose  their  independence 
by  ankylosis  with  the  metacarpals,  and  three  digital  rays  extending 
from  the  three  fused  metacarpals. 

In  some  birds,  e.r/.,  the  PasserinsB,  the  poUex  of  the  first  digit  has 
only  one  phalanx  attached  to  its  short  metacarpal,  the  second  only  two, 
and  the  third  only  one,  phalanx.  In  others,  Plovers,  Gulls,  Cormorants, 
4l^.,  an  additional  or  ungual  phalanx  is  found  on  the  first  and  second 
digit;  and  in  some  birds,  e.g,^  Numenius^ during  their  embryonic  state, 
a  small  nucleus  arm  is  seen  on  the  end  of  the  aborted  phalanx  of  the 
third  digit. 

In  my  as  yet  unpublished  paper  I  have  mentioned  a  sub-distinct 
tract  of  very  solid  fibro-cartilage,  which  evidently  corresponds  with 
what  has  been  called  "  pre-pollex ''  by  Kehrer  and  others.* 

I  am  satisfied,  now,  that  this  very  notable  part  is  the  remuant  of 
the  skeleton  of  the  spur^  so  remarkably  developed  in  the  PalamedidaB, 
certain  Geese,  Plovers,  and  Jaoanas. 

This  part  therefore  need  not  interfere  with  the  consideration  of  the 
true  secondary  digital  parts. 

Among  the  last  communications  received  by  me  from  Dr.  Baur, 
I  find  in  print  what  I  had  already  learned  from  him  orally. 

In  some  "  General  Notes  **  published  in  the  *'  American  Naturalist,' 
September,  1887,  p.  839,  I  find  the  following  paragraph:  "The 
oldest  Ichthyopterjgia  had  few  phalanges  and  not  more  than  five 
digits ;  [the]  radius  and  ulna  were  longer  than  broad,  and  separated  by 
a  space.  Later,  through  the  adaptation  to  the  water,  more  phalanges 
were  developed,  more  digits  appeared,  mostly  by  division  of  the 
former,  or  by  new  formation  on  the  ulnar  side.  I  have  never  found  a 
new  digit  developed  on  the  radial  side." 

These  are  most  important  facts,  some  of  which,  namely,  the  bifur- 
cation of  the  digital  rays,  I  had  received  some  light  upon,  before,  both 
from  Dr.  Gadow  and  from  Professor  D'Arcy  W.  Thompson.f 

I  find  that  the  carpusy  metacarpus^  and  digital  rays  are  all  apt  to 
increase  in  number  beyond  what  is  normal. 

*  ''  Beitnlge  zur  Kentniss  des  Carpus  und  Tarsus  der  Amphibien,  Beptilien,  und 
Siuger,"  'Berichte  der  Naturforschenden  OeseUachaft  zu  Freiburg  i.  B.,*  vol.  1, 
1886  (Heft  4  and  Taf.  4). 

t  See  his  paper  on  the  hini  limb  of  Iclithyosaurus,  &g.,  '  Joum.  Anst.  PhTsiol.,' 
ToL  20, 1886,  pp.  &d2-535. 
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Long  ago  I  found,  in  one  of  the  Palamedidaa,  Ohauna  chavaria^ 
two  ulnar  carpcUs,  apparently  an  *'  nlnare  **  proper,  and  *'  centnde." 
More  recently  in  the  embryo  of  a  more  normal  Ghenomorpb — the 
Falkland  Island  Gt)08e  {Ghhephaga  policephdld)  I  found  the  nlnare 
nearly  divided  into  two  segments. 

On  the  other  side  of  the  carpus  in  an  embryo  Kestrel  (Faho  tinnttn' 
cfdus)  and  in  a  young  Sparrow-hawk  (Acdpiter  nisus),  I  found  a 
*^  radiale  '*  in  fcwo  pieces,  the  outer  of  which  in  the  latter  was  degene* 
rating  into  the  large  "  os  prominens  *'  which  is  found  in  the  tendon  of 
the  "  tensor  patagii "  muscle  of  rapacious  birds. 

In  the  embryos  of  Gulls,  Auks,  Guillemots,  &c.,  the  large  **  distal 
carpal  '*  of  the  index  or  second  digit  sends  forward  a  long  wedge  of 
cartilage  towards  an  additional  metacarpal  nucleus.  Evidently  this 
is  the  rudiment  of  another  carpal  seeking  to  be  attached  to  its  own 
intercalary  metacarpal. 

Further  on,  on  the  large  second  digit,  the  flat  dilated  part  of  the 
proximal  phalanx,  on  its  ulnar  side,  also,  is  developed  from  a  distinct 
tract  of  true  cartilage,  but  soon  loses  its  independence ;  it  forms  the 
plate  on  which  some  of  the  primary  quiUs  are  fixed. 

Further  on,  on  the  ulnar  side,  near  the  small  well-developed 
ungual  phalanx  of  the  embryo,  but  later,  after  hatching,  a  small  oval 
cartilage  appears,  and  is  ossified  independently, 

A  similar  tract  of  cartilage  is  formed  on  the  pollex  or  first  digit, 
also,  but  is  somewhat  smaller  than  that  on  the  second ;  it  is  on  the 
ulnar  side  and  near  the  ungual  phalanx. 

In  the  feeble  third  digit  I  only  find  a  rudimentary  secondary  meta- 
carpal, on  the  ulnar  side ;  this  is  very  constant  throughout  the 
Cartnatm;  and  sometimes,  as  I  have  already  mentioned,  there  is  a 
small  rudiment  of  a  second  phalanx  on  that  digit  which,  in  the  Lizard, 
has  four  phalanges.* 

In  seeking  for  evidence  of  the  manner  in  which  these  high  and 
noble  hot-blooded  feathered  forms  arose  from  among  the  Archaic 
Reptilia,  I  think  that  something  has  been  gained  in  what  I  have 
stated  above. 

The  skull  brings  evidence  of  the  same  sort,  during  its  development, 
and  it  is  to  ancient  long- beaked  forms,  and  not  to  modem  short- faced 
types  of  Reptilia,  that  we  must  look  for  any  near  relationship  of  the 
Reptiles  in  the  Birds. 

In  the  Guillemot  (JJria  iroih)  I  have  satisfied  myself  that  there 
has  been  a  considerable  amount  of  secular  shortening  of  the  beak 
(rostrum  and  fore  part  of  mandibles),  and  if  we  look  at  Dr.  Marsh's 
figures  of  Hesperoniis  and  Ichthyornis  we  shall  see  what  long  bills 
these  toothed  birds  possessed. 

•  The  figures  of  these  parts,  and  also  of  the  rest  of  the  developing  skeleton  in 
these  birds — ^Pucks,  Auks,  Quillomota,  &c. — are  readj  for  publication. 
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Bat  there  is  no  part  of  a  developing  bird's  skeleton  that  is  not 
rich  with  suggestive  facts  of  this  kind,  as  I  propose  to  show  in  dae 
time. 
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Transactions* 
Brossels: — Academic   Rojale   de    Medecine.      Bulletin.      Ser.    4. 

Tome  I.     Nos.  5-10.     8vo.  Bi-uxelles  1887.  The  Academy. 

Academic  Rojale  des. Sciences.     Bulletin.     S^r3.     Tomes  XIII- 

XIV.     N08/5-II.     Svo,  BrtAxelleslSBl.  The  Academy. 

Hobart: — Royal  Society  of  Tasmania.     Abstracts  of  Proceedings. 

April  19,  and  May  10,  1887.     8vo.  [Hohart].  The  Society. 

London : — Chemical  Society.     Abstracts  of  the  Proceedings.     Nos. 

41-45.     8vo.  London  1887;  Journal.     July  to  December,  1887. 

8vo.  London.  The  Society. 

Greological  Society.     Ab8ti*acts  of  the  Proceedings.     Nos.  508- 

513.     8vo.  London  1887.  The  Society. 

Institution  of  Civil  Engineers.     Abstracts   of  the  Proceedings. 

Nos.  1-3.     8vo.  [London]  1887.  The  Institution. 

Linnean  Society.     Journal  (Botany).     Vol.  XXIIl.     Nos.  152- 

154.     Vol.  XXIV.     Nos.  159-161.     Svo.  London  18S7 ;   Ditto 

(Zoology).    Vol.  XX.    Nos.  117-il8.     Vol.   XXI.     Ij^o.  129. 

Vol.  XXII.     No.  136.  8vo.  London  1887.  The  Society. 

Pharmaceutical  Society  of  'Great  Britain.     Journal  and  Trans- 
actions.  Jaly  to  December,  1887.    8vo.  London.     The  Society. 
Royal  Astronomical  Society.     Monthly  Notices.     Jaly  to  Deoem- 

ber,  1887.     8vo.  London.  The  Society. 

Royal  Geographical  Society.      Proceedings.      July  to  December, 

1887.     8vo.  London.  The  Society. 

Royal   Institution   of   Great   Britain.     Reports  of  the  Weekly 

Meetings.     1887.     8vo.  The  Institution. 

Society  of  Arts.     JoumaL      July   to    December,   1887.       8vo. 

London.  The  Society. 

Society  of  Chemical  Industry.      Joiurnal.     Vol.  VL     Nos.  5-11. 

Sm.  folio.     London  1887.  The  Society. 

Paris : — Academic    des    Sciences.       Comptes   Rendus.     Juillet — 

Decembre,  1887.     4to.  Paris.  The  Academy. 

Societe   de    Biologic.      Comptes   Rendus.      Juillet — DiScembre, 

1887.     8vo.  Paris.  The  Society. 

Societe  d*Encouragement  pour  rindustrie  Nationale.      Bulletin. 

Juilleb — Decembre,  1887.      4to.   Paris;    Compte   Rendu  des 

Seances.       Jain — Decembre,  1887;    Annuaire  pour  FAjin^o 

1887.     12mo.  Paris.  The  Society. 

irOL.  xmi.  ^  ^ 
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Transaotions  (continued). 

Sooi^t^  de  G^ographie.    Gompte  Bendn.     1887.     Nob.  12-16. 

8vo.  Paris.  The  Society. 

Soci6t6  Fran9aise  de  Pliysiqae.    R^smn^  des  Gommanications. 

Juillet — D6oembre,  1887.     8vo.  Paris.  The  Society. 

Philadelphia : — Academy  of  Natural  Sciences.    Proceedings.    1887. 

8vo.     IPhiladelphia.l  The  Academy. 

Franklin  Institute.     Journal.     July  to  December,  1887.     8to. 

Philadelphia.  The  Institute. 

Rome : — Accademia  Pontificia  de'  Nuovi  Lincei.     Prooessi-Verbali. 

Sessione  7-8.     12mo.  [Boma]  1887.  The  Academy. 

Beale  Accademia  dei  Lincei.    Atti.     Ser.  4.     Vol.   IIL     Fasc. 

9-13  (Semestre  1).   Fasc.  1-5  (Semestre  2).   8yo.  Eoma  1887. 

The  Academy. 

Sydney : — Linnean  Society  of  N.S.W.    Abstracts  of  Prooeedings. 

April  to  September,  1887.     8to.  Sydney.  The  Society. 


Corfield   (W.   H.)     The  Treatment  and  Utilisation  of    Sewage. 

Third  Edition,  revised  and  enlarged  by  the  author,  and  L.  C. 

Parkes,  M.D.     8vo.  London  1887.  The  Authors. 

Dawson  (Sir  J.  W.),  F.R.8.    Note  on  Fossil  Woods  and  other 

Plant  Remains,  from  the  Cretaceous  and  Laiumie  Formations 

of  the  Western  Territories  of  Canada.     4to.  [Montreal]  1887. 

The  Author. 
Hooker  (Sir  J.  D.),  F.R.S.    The  Flora  of  British  India.   Part  XIV. 

8vo.  London  1887.  The  Author. 

Liversidge  (A.),  F.R.S.     On  the  Composition  of  some  Pumice  and 

Lava  from  the  Pacific.      8vo.  Sydney  1886 ;  with  three  other 

Excerpts.  The  Author. 

Marriott  (W.)     Results  of  Thermometrical  Observations  at  Boston, 

Lincolnshire,  1882-86.     8vo.  [London]  1887.  The  Author. 

Nobre  (A.)     Sur  la  Faune  Malacologique  Mai'ine  des  Possessions 

Portugaises  de  TAfrique  Occidentale.     8vo.  [LUbonne]  1887. 

The  Author. 
Roscoe  (Sir  H.  E.),  F.R.S.,  and  C.  Schorlemmer,  F.R.S.   A  Treatise 

on  Chemistry.     Vol.  III.     Part  4.     8vo.  London  1888. 

The  Authors. 
Ursini-Scnderi  (A.  S.)      II  Fattore  Personale  della  Specie  Umana. 

Vols.  I-II.     8vo.  Catania  1887.  The  Author. 
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January  26,  1888. 

Profeesor  G.  G.  STOKES,  D.C.L.,  President,  in  the  Chair. 

The  PresentB  received  were  laid  on  the  table,  and  thanks  ordered 
for  them. 

The  following  Papers  were  read  :^ 

I.  "The  Emigration  of  Amoeboid  Corpuscles  in  the  Starfish." 
By  Herbert  E.  Durham,  B.A.,  lately  Vintner  Exhibitioner, 
King's  College,  Cambridge.  Communicated  by  P.  Herbert 
Carpenter,  D.Sc,  F.R.S.,  F.L.S.  Received  January  5, 
1888. 

[Platb  8.] 

• 

Through  the  kindness  of  Professor  M'Intosh,  to  whom  my  very  best 
thanks  are  due,  I  spent  some  time  last  summer  at  the  Marine 
Laboratory  at  Saint  Andrews. 

The  results  given  below  arose  from  what  were  intended  to  be 
control  experiments  in  some  observations  which  aimed  at  determin- 
ing, if  possible,  what  organ  or  system  of  organs  is  definitely  excretory 
in  function  in  the  Eohiuoderms. 

The  common  starfish  {Asterias  ruhens)  was  the  form  used,  being 
convenient  both  from  its  size  and  from  its  abundance. 

Indian  ink  or  a  precipitated  aniline  blue  was  injected  into  the 
ccdlomic  cavity  by  means  of  a  fine  pipette  or  a  hypodermic  syringe. 
It  was  found  best  to  insert  the  instrument  into  an  arm  close  to  the 
disk,  for  then  the  arm  is  far  more  rarely  thrown  off  than  if  the 
puncture  is  made  near  its  distal  end.  The  specimen  was  next  held 
in  difEerent  positions  so  as  to  distribute  the  injected  fluid. 

The  grannies  that  are  introduced  are  ingested  by  the  amoeboid 
corpuscles  which  float  in  the  ccelomic  fluid,  as  can  readily  be 
demonstrated  by  microscopic  examination  of  that  fluid.  The 
granule-laden  phagocytes  can  be  seen  very  plainly,  owing  to  the 
particles  they  have  ingested,  in  the  dermal  branchisa  of  a  living 
specimen.  The  cilia  of  the  coBlomic  epithelium  cause  them  to  dance 
up  and  down  in  the  branchia,  and  to  be  thrown  against  its  wall. 
Every  now  and  again  a  corpuscle  will  adhere,  and  by  repetition  of 
this  process  a  small  clump  may  be  formed ;  this  occurs  at  or  near  the 
apex  of  the  branchia. 
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The  corpnscles  after  their  adhesion  to  the  wall  of  the  branchia 
creep  bj  their  amoBboid  movement  through  the  ccBlomio  epithelium, 
the  connective  tissne  layer,  and  the  epidermis  to  the  exterior  (fig.  1). 
Thus  a  clump  may  be  formed  on  the  outer  side  of  the  branchia,  and 
the  animal  is  freed  from  some  of  the  irritating  particles. 

In  these  clumps  the  corpuscles  retain  their  individuality  (fig.  2), 
they  do  not  fuse  to  form  plasmodia  such  as  Geddes*  describes  in  the 
so-called  clotting  of  the  perivisceral  fluid  of  urchins ;  indeed  if  such  a 
coalescence  did  take  place  the  facility  for  their  migration  through 
tissues  would  be  considei-ably  diminished. 

In  c€ises  where  the  emigration  is  proceeding  exceedingly  actively, 
besides  the  isolated  phagocytes  that  are  seen  at  different  depths  in  the 
branchial  wall  on  their  outward  journey,  the  apices  of  some  of  the 
branchiae  appear  to  be  perforated  by  an  aperture,  which  is  entirely 
filled  up  by  a  plug  of  phagocytes  (fig.  3,  jp).  It  is  clear  that  such  a 
result  might  be  due  either  to  a  stretching  of  the  wall  by  a  simulta- 
neous entrance  of  several  phagocytes  at  a  certain  point  and  subsequent 
intrusions  of  others  between  them,  or  to  an  actual  rupture  or  carrying 
away  of  part  of  the  wall  by  the  energy  and  magnitude  of  the 
emigration  round  one  patch.  So  far  as  can  be  made  out  from  serial 
sections  the  former  of  these  alternatives  holds  good ;  there  seems, 
however,  to  be  no  reason  why  the  latter  might  not  also  take  plaoe. 

Since  in  preparing  Echinoderms  for  sections  it  is  usual  to  distend 
them  with  the  fixing  fluid,  I  should  mention  that  here  such  treatment 
has  been  avoided.  The  specimens  were  aneesthetisized  with  chloral 
hydrate,  and  the  gills  could  then  be  removed  in  a  distended  state, 
while  moi'eover  they  remained  distonded  after  removal. 

To  return  to  the  subject:  after  their  arrival  at  the  exterior  the 
corpuscles  retain  their  irregular  auKsboid  shape  for  a  time.  They 
then  become  spherical  and  swell  up  and  later  they  disintegrate,  the 
granules  they  contained  being  scattered  free. 

It  was  found  that  besides  the  corpuscles  containing  Indian  ink 
particles  in  the  extruded  material,  there  occurred  amoeboid  cells 
loaded  with  refringent  granules  (fig.  2,  h)  ;  moreover  it  is  not  only  in 
the  injected  specimens  that  such  corpuscles  emigrate;  for  if  a  starfish 
is  kept  in  a  vessel  (into  which  fresh  sea- water  is  constantly  dripping) 
it  throws  off  fi*om  its  surface  a  certain  amount  of  a  dirty  brownish. 
slime.  This  slime  contains  large  corpuscles  with  refringent  granules 
(flg.  4)  which  are  apparently  identical  with  those  mentioned  above, 
and  with  those  peculiar  cells  which  occur  here  and  there  in  difiPerent 
parts  of  the  animal,  especially  perhaps  in  the  so-called  "  heart ;  "  thej 
are  called  "  Plasma- Wanderzellen  "  by  the  Germans :  I  propose  to  refer 
to  them  as  "  sphasruliferous  "  corpuscles. 

*  '  Archives  de  Zoologie  Exp^rimentale/  t<^.  8,  p.  483. 
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In  the  slime  these  sphaBmliferons  corpuscles  are  seen  in  various 
Rtages  of  disintegration,  held  together  bj  a  material  of  slimy 
consistency  which  is,  at  any  rate  in  part,  derived  from  the  swollen-np 
stromata  of  the  corpuscles,  some  doubtless  having  origin  in  the 
scattered  mucons  gland  cells  of  the  epidermis.  Besides  these 
elements  a  holotrichous  infusorian  occurred,  frequently  in  consider-- 
able  numbers,  swimming  about  and  feeding  on  the  freely  scattered 
gpranules.  In  connexion  with  this  I  might  also  note  that  on  a  large 
percentage  of  the  specimens  of  Asterias  ruhena  observed  at  Saint 
Andrews  there  crawled  a  species  of  Caprella.  These  Caprelle  feed  on 
the  above-mentioned  slime;  and  those  which  lived  on  specimens 
treated  with  aniline  blue  presented  particularly  gay  alimentary 
canals. 

As  regards  the  emigration  of  these  sphsBruliferous  cells,  it  is  interest- 
ing to  find  that  Hamann*  has  recently  described  and  figured  the  pre- 
sence of  such  corpuscles  in  the  wall  of  the  ambulacral  gills  of  Echinids  ; 
these  are  doubtless  on  their  outward  journey.  I  might  also  note  here 
that  when  tbe  dermal  branchice  of  Asterina  gihhosa  are  slightly,  not 
rigidly,  distended,  they  move  round  and  round,  more  or  less  circularly, 
so  that  their  apices  rub  against  the  neighbouring  ossicles.  This 
movement  might  be  interpreted  as  the  expression  of  attempts  to 
remove  emigrated  corpuscles  from  their  surface ;  the  branchiaa  when 
removed  showed  sphaarnliferous  cells  in  their  wall. 

I  hope  to  make  further  observations  to  help  to  elucidate  the  mean- 
ing of  this  out-wandering  of  sphsBruliferous  cells,  about  which  at 
present  it  is  impossible  to  draw  up  any  definite  conclusions.  I  desire 
now  merely  to  note  its  occurrence. 

It  seems  evident,  however,  that  the  starfish  has  the  power  of 
removing  minute  foreign  particles  introduced  into  its  system;  and 
it  is  conceivable  that  in  nature  such  particles  might  gain  admittance 
to  the  ccelomic  cavity  when  an  arm  is  thrown  off. 

It  does  not  seem  clear  what  becomes  of  insoluble  foreign  grannies 
when  they  are  introduced  into  other  animals,  except  in  the  case  of 
mammals ;  at  any  rate  I  have  been  unable  to  find  any  account  of  an 
actual  transportation  to  the  extei*ior  such  as  has  been  described 
above. 

Over  and  above  any  respiratory  function  that  the  dermal  branchisa 
may  have,  they  form  from  their  structure  convenient  places  for  the 
out-passage  of  scavenging  amoeboid  cells.  Hamannf  notes  that  their 
nerve  supply  is  very  scanty ;  the  well-being  of  a  fine  nerve  plexus 
would  obviously  not  be  added  to  by  auKBboid  eells  traversing  it. 

To  summarise  in  a  few  words — minute  foreign  bodies  introduced 
into  the  body-cavity  of  the  starfish  are  removed  to  the  exterior  by 

•  *  Jenawche  Zeitachrift,'  vol.  21,  p.  159,  and  Taf.  VI,  fig.  12. 
t  *  Die  Asteriden,'  Jena,  1885  (p.  11). 
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pliagoojtes  which  pass  out  through  the  dermal  branchiie.  In 
conclasion,  I  should  state  that  clamps  of  corpuscles  occur,  here  and 
there,  in  the  pore  canals  of  the  roadreporite  both  of  Asteruu  ruheug 
and  OribreUa  ocellata  as  seen  in  sections.  The  madreporites  and 
neighbouring  structures  were  removed  from  full-grown  specimens  and 
then  placed  in  hardening  fluids  :  this  being  so,  I  think  it  not  impro- 
bable that  these  corpuscles  came  from  the  cut  end  of  the  **  heart,"  and 
arrived  at  their  position  by  the  outward  ciliary  current,  recently 
described  by  Dr.  Hartog.*  It  is  difficult  to  conceive  that  such  an 
outflow  of  corpuscles  should  take  place  normally ;  for  then  there 
must  be  a  continual  loss  of  ordinary  as  well  as  of  tpluBruliferoui 
eorpHsoUs. 

EXPLANATION  OF  PLATE  8. 

Fig.  1. — Section  through  a  dermal  branchia  of  Atteritu  ruhen*,  after  Indian  ink 

injection,  c. «.,  ooelomio epithelium ;  c.  i.,  oonnectiye  tissue;  e,  epidermis; 

cut,  cuticle. 
Fio.  2. — Corposoles  containing  granules  of   Indian  ink,  taken  off  a  faranchia. 

bf  spberuliferous  corpusde. 
Fio.  3. — Section  through  terminal  portion  of  dermal  branchia.    Note  the  plug  of 

corpuscles  (p)  and  crowding  of  epiderm  nuclei  at  its  sides.    The  other 

letters  as  in  fig.  1. 
Fig.  4. — Sphferuliferous  cells  from  slime.    I,  liberated  sphierules. 


II.  "  Note  on  the  Madreporite  of  Cribrella  ocdlataJ^   By  HERBERT 

E.   Durham,    B.A.,    lately   Vintner    Exhibitioner,    Kings 

College,  Cambridge.     Communicated  by  P.  Herbert  Car- 

•     PENTER,  D.Sc.,  F.R.S.,  F.L.S.     Received  January  5,  1888. 

I  have  a  series  of  vertical  longitudinal  (radial)  sections  carried 
through  the  madreporite,  Ac,  of  a  full-grown  specimen  of  Cribrella 
ocellata :  in  this  series  the  madreporic  canals  have  a  peculiar  relation 
to  the  stone  canal  or  water-tube. 

Most  of  the  pore  cauals  pass  into  collecting  canals  which  open  into 
the  stone  canal  directly  :  some  few,  however,  lead  into  the  space 
below  the  madreporite,  which  is  the  upper  extremity  of  the 
"  Bchlauchformiger  Kanal.''  The  stone  canal  dilates  laterally  on 
each  side  into  an  "  amtpulla,^^  and  one  of  these  lateral  lobes  of  the 
ampulla  has  an  aperture  into  the  ^*  schlauchfOrmiger  EZanal.*'  Now 
the  "  schlauchfOrmiger  E^anal  '*  is  derived  from  the  enteroceele 
(Haraann),t  so  that  in  the  specimen  described  there  is  a  permanent 
connexion  between  the  hydrocoele  cavity  and  the  enterocoele  cavity. 

•  M.  M.  Harto^,  *  Ann.  Mag.  Nat.  Hist.,*  Nov.  1887. 
t  0.  Hamann, '  Die  Aftteriden/  p.  51,  Jena,  1885. 
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Lndwjg*  states  that  he  was  unable  to  find  anj  sach  oonnexion  (a 
connexion  which  wonld  explain  the  injection  resalts  obtained  bj 
many  observers)  in  the  foi-ma  investigated  hj  him,  ftnd  1  can  oonflrm 
his  statement  for  Aileria*  ru£en«.  Neither  in  A,  ntisfw  nor  in 
Cribrella  oeellaia  have  I  detected  an;  connexion  between  tbe 
water  Taaaitlar  and  "  blood  ywonlar  "  sjitems  in  this  r^ion  of  tiie 
body. 

Section  1  (fig.  5)  pasaea  along  tbe  npper  extremity  of  the  stone 
canal  between  the  dilatations,  and  through  one  of  the  abnormal  pore 
canals  (PM*)  ;  by  examination  of  neighbouring  sections  it  is  seen  that 
the  lamen  of  the  pore  canal  is  continnons  from  the  exterior  to  the 
"  Rchlaacbform^r  Eanal "  (Schl)  and  also  that  there  is  a  commnnica- 
tion  between  the  canals  (PM")  and  (PM>).  Two  other  oanals  (PM) 
ore  seen  opening  into  the  stone  canal  (St). 

Section  2  (fig.  6)  passes  thpongh  the  aperture  of  commonioatian 
between  the  ampulla  and  the  "  schlauchformiger  Kanal."  In  this 
section  the  coatinnity  of  the  "  heart  "  or  dorsal  organ  (Ut)  and  anal 
"  blood  "  ring  (AU)  is  seen ;  also  a  gat  vessel  (Gt)  from  the  latter. 


XA  St.  **. 


•  H.  Lndirig,  '  Zeit«chr.  Wim.  Zool..'  toL  80, 1878,  pp.  103,  104. 
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I  am  not  in  a  position  to  state  that  snob  is  the  tunal  arrangement 
in  Oribrelia:  bat  that  each  a  connexion  ehoald  exist  even  as  aa 
abnormality  ie  not  withont  interest.  Ifere  cloenre  of  the  internal 
apertare  of  the  ainpDila  wonld  not  lead  to  the  .common  asterid 
arrangement,  because  of  the  canats  (FU'  and  PM')  and  others  with 
similar  relations,  which  are  some  dintance  from  the  apertare  of  the 
ampulla. 

EXPLiNATIOK  OF  LETTEBS. 
Amp.    Ampnllft. 

AR,      Aii*l  "  blood  rawnlu"  ring. 
Ot.       Tnct  of  "  blood-TOHoli "  to  gut. 
Ht.       "  Heart "  or  donal  organ. 
H,        Madrvporic  oMud*. 
Oas.      OHidM  in  bod;  waU. 
FU  -, 

FH'  V  Van  canals  of  inadi«poril«. 
PM'J 

Bahl.     "  SchlauclifOrmigar  EanaL" 
St.        Stone  canal. 

SHADING. 
Light.    Connectirs  (iMoe  and  Rin*cle. 
Dark.      OuiclM. 

Black.     Epitbelium  of  atone  ranal,  Ac. 
Croai.     "  Blood  Taicular  "  Iracta. 
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III.  **  Report  on  Hygrometric  Methods.  Fii*st  Part,  including 
the  Saturation  Method  and  the  Chemical  Method,  and 
Dew-point  Instrument*/*  By  W.  N.  Shaw,  M.A.  Commu- 
nicated by  R.  H.  Scott,  F.R.S.,  Secretary  to  the  Meteoro- 
logical CounciL     Received  January  17,  1688. 

(Abstract.) 

With  the  exception  of  certain  "  absolute  hygrometers,"  the  beha- 
vionr  of  which  has  not  yet  been  sufficiently  tested,  the  determination 
of  the  pressure  of  water- vapour  in  the  air  is  indirect  and  requires  a 
formula  of  reduction.  The  formulao  in  use  are  based  upon  assump- 
tions which  are  at  present  not  so  completely  verified  by  experiment  that 
any  hygrometric  method  can  be  relied  upon  to  give  measures  of  the 
pressure  of  aqueous  vapomr  trustworthy  to  within  O'l  mm.  of  mer- 
cury. The  authority  for  these  statements  is  given  in  detail  in  an 
account  of  the  hygrometric  work  done  since  1830.  This  account  is 
appended  to  the  report  as  Note  A. 

In  the  report,  the  chemical  hygrometric  method  is  provisionally 

regarded  as  a  standard.     The  formula  of  reduction,  applicable  in  this 

case  is 

_  760(1  +  010 

^ a5       ^' 

where  e  is  the  pressure  of  aqueous  vapour  in  millimetres;  /,  the 
number  of  grammes  of  moisture  per  cubic  metre  in  the  air  at  tempe- 
rature ^**C. ;  «  the  coefficient  of  expansion  of  air  per  degree  C. ;  A  the 
density  of  dry  air  at  C*  and  760  mm.,  t.e.,  1293  grammes  per  cubic 
metre  ;  and  <2  is  the  specific  gravity  of  the  moisture  referred  to  air  at 
the  same  temperature  and  pressure. 

The  assumptions  upon  which  the  formula  is  based  are — (1)  That  it 
is  possible  to  absorb  the  whole  of  the  moisture  from  air  by  passing  it  over 
desiccating  substances ;  and  (2)  that  a  numerical  value  can  be  assigned 
to  d.  The  first  assumption  has  been  discussed  by  Begnault  and  others, 
and  is  sufficiently  nearly  accurate  for  all  hygrometiic  calculations. 
With  regard  to  the  second,  Regnault's  direct  observations  upon  steam 
(free  from  air)  and  other  evidences  point  to  the  value  0*622.  The 
assumption  can,  moreover,  be  tested,  by  applying  the  chemical  method 
to  air  saturated  at  a  known  temperature,  assuming  the  value  0'622 
for  (£,  and  comparing  the  results  with  the  table  of  saturation  pressures 
in  vacuo.  This,  however,  assuvne^  Daltoii's  law  to  he  strictly  occur ate^ 
an  open  question^  upon  which  opinion  is  reserved  until  further  experi- 
mental investigation  is  concluded.  Regnault  made  the  comparison  in 
sixty-eight  experiments,  in  fifty-nine  of  which  the  air  was  practically 
saturated  when  it  entered  the  drying  tubes.    For  these  he  found  that 
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the  valne  0*622  gave  results  whicli  were  less  than  the  tabulated 
pressures,  the  errors  being  always  of  the  same  sign,  bat  bo  small  in 
amount  that  he  neglected  them  in  his  subsequent  work. 

The  ultimate  object  of  the  experiments  described  in  the  report  was 
to  examine  the  behaviour  of  dew-point  instruments  in  air  of  known 
state,  and  for  this  purpose  air  was  saturated  at  a  known  temperature 
and  drawn  bj  an  aspirator  through  vessels  in  which  the  dew-point 
instrument  could  be  placed  when  required,  and  sDbsequentlj  through 
drying  tubes  of  special  pattern.  The  vapour-pressure  was  thus 
obtained  at  the  two  extremities  of  the  train  of  apparatus  and'  the 
results  compared. 

The  following  questions  are  raised  and  discussed  :-— 

i.  Were  the  drying  tubes  used  as  efficient  as  Begnault's  P 

ii.  Does  the  pressure  of  vapour  in  the  air  become  chang^  by  passing 
through  the  apparatus  designed  to  contain  the  dew-point 
instraments,  or  by  the  mere  presence  of  those  instrnments 
themselves  ? 

iii.  Do  the  results  of  the  chemical  method  agree  with  the  tabulated 
vapour-pressures  in  vacfw  when  the  air  is  more  or  less  heated 
after  being  saturated  ? 

iv.  Can  the  observed  differences  between  the  results  be  obviated  by 
assuming  a  value  for  d  (other  than  0*622),  which  is  com- 
patible with  values  obtained  by  other  methods  P 

V.  Can  any  reason  be  assigned  for  the  differences  observed  by  Beg- 
nault  in  the  case  of  saturated  air  ? 

(i.)  The  answer  to  the  first  question  is  given  in  an  account  of  a 
series  of  twelve  experiments  practically  repeating  Regnault*s  obser- 
vations with  saturated  air.  The  tabulated  results  shpw  divergences 
in  the  same  direction  and  of  the  same  order  of  magnitude  as  those  in 
Regnault*s  paper.  Some  incidental  points  are  also  discussed  namely, 
the  comparative  efficiency  of  phosphoric  anhydride,  sulphuric  acid, 
and  calcium  chloride,  and  the  effect  of  india-rubber  and  glass  con- 
nexions between  drying  tubes.  It  is  shown  that  the  sulphuric  acid 
and  phosphoric  anhydride  tubes  are  efficient,  that  as  a  rale  one 
tube  is  all  that  is  strictly  necessary,  but  that  two  should  be  used  to 
provide  for  the  case  of  exhaustion  of  the  first  tube  or  too  rapid  flow 
of  air,  and  further,  that  the  glass  and  mercury  connexions  between 
the  tubes  employed  in  the  second  series  of  experiment«  cannot  be 
regarded  as  producing  any  effect. 

(ii  and  iii.)  The  answers  to  the  second  and  third  questions  are  fur* 
nished  by  the  results  of  eighty-two  experiments  with  the  chemical 
method  upon  air  saturated  at  known  temperatures  by  a  specially  designed 
"  saturater "  in  a  water  bath.  The  temperatures  of  saturation  lay 
between  1  **  C.  and  21°  C,  and,  with  one  exception,  were  below  the  tern- 
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peratare  of  the  sarronnding  air.  Each  experiment  involTed  npwards 
of  thirty  readings  of  weight,  pressure,  and  temperature.  The  tem- 
perature readings  were  corrected  bj  means  of  a  special  comparison  at 
Kew.  Of  the  eighty-two  obeeryations  thirty-two  are  retained  as  being 
free  from  any  known  disturbing  causes,  and  from  them  it  appears 
that,  with  d  equal  to  0*622,  the  pressure  deduced  by  the  chemical 
method  is  on  the  average  greater  by  0  03  mm.  than  that  given  in 
Regnanlt's  table  of  vacuum  pressures,  as  recalculated  in  Landolt  and 
Bomstein's  tables.  This  difference  is  very  small  compared  with  the 
discrepancies  from  Dalton's  Law  observed  by  Regnault  in  the.  case  of 
water  vapour. 

(iv.)  With  regard  to  the  fourth  question ;  if  the  observations  be 
employed  to  determine  the  value  which  must  be  substituted  for  d^  the 
specific  gravity  of  saturated  steam  referred  to  air  at  the  same  tem- 
perature and  pressure,  the  mean  value  of  d  so  obtained  is  0*6245, 
which  agrees  very  closely  with  0*6240,  the  mean  value  for  the  same 
range  of  temperature  deduced  from  Clausius's  calculations  based  on 
thermodynamical  reasoning.  The  value  0'622  is  probably  correct  if  the 
air  is  not  nearly  saturated ;  in  that  case  the  measure  of  the  pressure  of 
Vapour  in  the  air  is  2/622  greater  than  it  would  be  if  the  same  air  were 
reduced  in  temperature  (at  constant  pressure),  until  it  was  saturated. 

(v.)  The  one  observation  of  the  second  series  with  saturated  air 
gives  a  result  0*18  mm.  smaller  than  the  tabulated  pressure,  and  thus 
with  the  twelve  experiments  of  the  first  series  confirms  the  results  of 
RegnauU's  observations.  To  account  for  this,  it  is  suggested  that 
air  which  is  very  nearly  or  quite  saturated,  would  deposit  some  of  its 
moisture  on  the  glass  tubes  used  to  conduct  it  from  one  vessel  to 
another.  This  behaviour  of  nearly  saturated  air  has  been  already 
noticed,  and  it  is  confirmed  by  the  observations  on  dew-point  in- 
struments, and  moreover,  by  experiments  directly  intended  for  the 
purpose,  quoted  in  a  note. 

Details  are  given  of  observations  with  Begnanlt's  hygrometer  and 
Dines's  hygrometer  when  exposed  in  glass  vessels  between  the  satu- 
rater  and  the  drying  tube.  The  two  instruments  are  separately  dis- 
cussed. With  Begnault's  instrument,  after  some  practice,  two  different 
observers  obtained  practically  identical  results.  In  ordinary  observa- 
tions, the  observed  temperatures  of  the  dew-point  were  below  the 
temperature  of  saturation,  but  seldom  by  more  than  01°  C.  A  con- 
siderable amount  of  uncertainty  was  shown  to  be  attached  to  the 
readings,  and  by  very  close  inspection  readings  of  the  dew-point  were 
obtained  above  the  temperature  of  saturation,  in  one  case  by  as  much 
as  0-7°  C. 

J^'rom  the  experiments  with  Dines's  hygrometer,  it  appears  that  the 
instrument  is  likely  to  give  very  easy  determinations  of  the  dew-point 
ththt  are  within  small  limits  of  error ;  but  that  if  the  instrument  be 
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observed  witli  the  closest  attention,  the  result  will  be  considerably  too 
higb  in  conseqaence  of  the  formation  of  a  dew  deposit  at  a  tempera- 
ture above  the  true  dew-point,  and  it  may  possibly  be  erroneous  in 
consequence  of  variations  in  temperature  of  the  different  parts  of  the 
box  containing  the  thermometer. 

An  account  is  given  of  Allnard's  modification  of  Begnault's  hygro- 
meter, and  of  Bogen*s  hygrometer. 

A  second  note,  B,  is  appended  to  the  report,  showing  the  tables 
used  in  various  countries  for  the  reduction  of  wet  and  dry  bulb  obser- 
vations. 

Presents^  January  26,  1888. 
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February  2,  1888. 

Professor  G.  G.  STOKES,  D.C.L.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered 
for  them. 

The  following  Papers  were  read : — 

I.  "  On  Tidal  Currents  in  the.  Ocean."  By  J.  Y.  Buchanan, 
M.A.,  F.R.S.E.  Communicated  by  the  late  Sir  Frederick 
Evans,  K.C.B.,  R.N.,  Hydrogi-apher  to  the  Admiralty. 
Received  March  24,  1884.  Received  after  revision  January 
23,  1888. 

It  is  frequently  asserted  and  commonly  believed  that  tidal  currents 
do  not  exist  iu  the  open  ocean  or  in  waters  remote  from  land. 
Oceanic  currents,  that  is,  streams  which  set  more  or  less  constantly 
in  one  general  direction,  are  well-known  and,  from  their  importance 
to  navigation,  have  been  the  objects  of  much  study.  Chief  among 
these  may  be  mentioned  the  Gulf  Stream  and  the  Equatorial  Cur- 
rents in  both  oceans.  The  data  on  which  almost  all  our  information 
connected  with  these  streams  rests  are  furnished  by  the  logs  of  ships 
traversing  them.  When  the  position  of  the  ship  is  determined  from 
day  to  day  by  good  astronomical  observations  on  the  one  hand,  and 
the  courses  and  distances  sailed  are  carefully  observed  and  noted  on 
the  other,  it  is  usual,  after  allowing  for  known  perturbing  causes,  to 
ascribe  the  difEerences  between  the  positions  as  ascertained  by  "  ob- 
servation '*  and  by  "  dead  reckoning  "  io  the  effect  of  a  current.  As 
in  the  ordinary  routine  of  a  sea-going  ship,  the  positions  are  made 
up  from  noon  to  noon,  the  strength  and  direction  of  the  current  so 
deduced  is  the  integral  resultant  **  set  '*  of  the  previous  twenty-four 
hours.  The  direction  and  strength  of  the  current  may  have  changed 
in  any  way  during  that  time,  and  it  would  be  nearly  impossible  to 
detect  such  changes.  The  period  of  twenty-four  hours  corresponds 
closely  with  that  of  the  tidal  wave,  consequently  in  the  time  elapsing 
between  two  successive  noons,  whatever  effect  may  have  been  due  to 
a  tidal  cause  will  have  completely  reproduced  itself  twice  over  and  a 
very  little  more.  The  resultant  current  due  to  the  tide  during  the 
two  complete  periods  will  be  nothing,  and  the  only  resultant  current 
affecting  the  day's  reckoning  will  be  that  due  to  the  difference  be- 
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tween  the  solar  and  lanar  day.  From  the  nature  of  the  observations 
the  effect  due  to  this  would  not  be  easily  detected.  It  is  evident  then 
that  the  ordinary  method  of  observing  oceanic  currents  is  such  as 
completely  to  cloak  any  tidal  effect  which  may  exist.  The  proximate 
source  of  energy  for  the  production  of  tidal  currents  is  the  tidal 
wave. 

Storm  waves  are  confined  to  the  surface  of  the  ocean,  and  break 
only  in  comparatively  shallow  water.  The  tidal  wave  affects  the 
deepest  oceans  to  the  bottom.  It  might,  therefore,  be  reasonably 
oxpected  that,  in  passing  over  many  of  even  the  deeper  ridges  which 
traverse  the  ocean  bed,  its  character  as  an  undulation  would  be 
modified  with  the  production  of  a  true  tidal  current.  We  know  that 
in  the  shallow  water  surrounding  the  land  and  in  the  bays  and  inletK 
which  indent  its  coasts,  a  portion  of  the  tidal  energy  is  dissipated  by 
the  partial  transformation  of  the  wave  into  currents. 

Id  littoral  waters  these  currents  are  necessarily  exaggerated  by  the 
confinement  produced  by  the  neighbouring  land ;  but  the  presence  of 
A  shoal  alone,  without  any  dry  land  in  the  vicinity,  ought  to  be 
sufficient  to  produce  well-marked  and  regular  tidal  currents. 

Considerations  of  this  nature  determined  me  to  take  the  first 
opportunity  which  might  offer  of  putting  the  matter  to  the  test  ol* 
observation. 

Thanks  to  the  hospitable  invitation  of  the  India  Rubber,  Gutta 
Percha,  and  Telegraph  Works  Company,  of  Silvertown,  I  had  the 
good  fortune  to  spend  the  months  of  October  and  November,  of  1883, 
on  board  the  s.s.  "  Dacia,"  one  of  their  excellently  equipped  cable 
ships,  which,  along  with  the  s.s.  '*  International,"  was  sent  out  to 
connect  Cadiz  with  the  principal  islands  of  the  Canary  Group  by 
means  of  a  telegi-aph  cable.  The  whole  expedition  was  under  the 
•command  of  the  Company's  Telegraphic  Engineer-in-chief,  Mr.  Robert 
Kaye  Gray,  to  whom  I  am  particularly  indebted  for  the  facilities 
which  were  afforded  me  in  carrying  out  this  and  many  other  investi- 
gations, and  I  beg  publicly  to  tender  him  my  best  thanks. 

In  the  course  of  the  sounding  operations  carried  out  with  a  view  of 
fining  a  thorough  acquaintance  with  the  depth  and  nature  of  the 
sea  bottom,  over  which  it  was  proposed  to  lay  the  cable,  many 
remarkable  inequalities  were  met  with.  Perhaps  the  most  striking 
was  one  which  was  called  the  ''  Dacia  Bank,"  after  the  ship  on  which 
it  was  discovered.  This  bank,  which  occupies  a  surface  of  50  square 
miles  with  less  than  100  fathoms  of  wator  on  it,  rises  rapidly  from  the 
prevailing  depth  of  1800  or  1900  fathoms  to  within  500  fathoms  of  the 
surface,  whence  the  slope  is  very  abrupt  and  in  many  places  precipitous 
to  within  100  fathoms  of  the  surface.  As  the  bank  lay  close  to  the 
proposed  route  of  the  cable,  two  days  were  spent  in  surveying  it  care- 
fully.   In  order  to  have  a  fixed  point  to  refer  the  sounding;a  to^  a. 
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mark-bnoj  was  anchored  in  175  fathoms,  jnst  outside  the  precipitona 
edge  of  the  bank. 

On  the  afternoon  of  the  21st  October,  1883, 1  spent  several  hours 
in  one  of  the  ship's  boats  made  fast  to  this  baoy,  and  during  that 
time  I  made  frequent  observations  of  the  rate  and  direction  of  the 
snrface  current  as  well  as  of  the  general  direction  of  the  under 
current.     (See  Table  I.) 

It  had  been  observed  during  the  previous  day  and  night  that  at 
times   the   current  set  strongly  to  the  southward,  at    other  times 
became  nearly  slack  and  even  ran  to  the  northward.     While  the 
boat  was  being  lowered  and  got  away  the  ship  drifted  very  slowly  to 
the  northward  past  the  buoy  and  against  a  light  northerly  air  blowing 
at  the  time.     When  the  boat  was  made  fast  to  the  buoy  the  current 
was  found  setting  to  the  northward,  against  the  wind  and  sea,  and 
measures  were  immediately  taken  for  determining  its  direction  and 
velocity  at  frequent  intervals.     For  this  purpose  an  ordinary  life-buoy 
was  attached  to  the  end  of  a  line  which  was  marked  at  every  fifth 
fathom  with  a  piece  of  wood,  which  also  served  the  purpose  of  keep- 
ing the  line  afloat  and  of  showing  whether  it  was  going  out  straight 
or  not.     Although  the  wind  was  only  barely  perceptible,  it  was  found 
to  retard  the  life-buoy.     An  arrangement  of  canvas  was  accordingly 
weighted  and  hung  down  in  the  axis  of  the  buoy.     This  greatly  in- 
creased its  hold  on  the  water  and  made  its  movements  dependent 
only  on  the  current.     The  direction  of  the  current  was  observed  with 
a   pocket  azimuth  compass  for  use  on   land.     Although  there  was 
hardly  any  wind,  there  was  a  considerable  sweU  coming  up  from  the 
north,  but  it  did  not  produce  any  motion  sufficiently  violent  to  in- 
terfere with  the  use  of  the  compass.     In  order,  however,  to  remove 
any    uncertainty,   which   might   have   existed  with    regard    to   the 
correctness  of  the  bearings  so  observed,  I  always  took  a  bearing  of 
the  sun  at  the  same  time,  as  an  index  of  the  trustworthiness  of  the 
current  observations. 

No  accurate  measurements  were  made  of  the  under  current,  but 
while  the  surface  current  was  being  observed  a  tow-net  lashed  to  a 
sounding  line  was  lowered  to  35  fathoms  for  one  hour,  and  to 
70  fathoms  also  for  an  hour.  The  directon  taken  by  the  sounding 
line  showed  that  down  to  75  fathoms  the  direction  inclined  slightly 
more  to  the  eastward  than  the  surface  current,  and  its  strength  seemed 
to  be  slightly  greater. 

The  observed  bearings  of  the  sun  give  for  the  local  variation  17°  W., 
17**  W.,  21°  W.,  21**  W.  According  to  the  chart  the  variation  is 
19°  W.  The  bearings  therefore  as  determined  in  the  boat  may  be 
depended  on  to  a  quarter  of  a  point. 

Time  was  taken  by  a  watch  set  to  local  time.     In  letting  the 
current  log  run  out  care  waa  taken  to'^ut  no  strain  on  the  line,  so 
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that  the  intervals  at  which  saccessive  marks  passed  out  of  the  boat 
mast  not  be  compared  too  rigidly.  When  the  whole  length  of  line, 
50  or  55  fathoms,  as  the  case  might  be,  was  paid  oat,  it  was  allowed 
to  tanten  itself,  and  the  time  observed  when  it  became  taut.  The 
bearing  of  the  float  was  then  taken,  and  that  of  the  sun  immediately 
afterwards.  The  results  of  the  observations  are  summarised  in  the 
following  table. 

Table  II. — Summary  of  Current  Observations  made  on  the  Afternoon 
of  the  2l8t  of  October,  1883,  on  the  edge  of  the  Dacia  Bank, 
lat.  31^  10'  N.,  long.  13°  34'  W.,  depth  175  fathoms. 


Time  (p.m.) 

Direction  (true). . .. 
Bate  in  knots  per  hr. 


1  hr.  56  m. 

N.  ir  E. 


2  hr.  15  m. 

N.  11°  E. 

0-47 


2hr.  40  m. 

N.  4r  E. 

030 


3  hr.  30  m. 

N.  56^  E. 

0*26 


4  hr.  6  m. 

N.  lOr  E. 

0*30 


"  It  will  be  seen  from  these  observations  that,  in  two  hours,  the 
current  had  shifted  its  direction  through  QO"^,  and  had  passed  through 
a  minimum  velocity  of  0''26  per  hour  without  there  having  been  any 
period  of '  slack  water.'  The  observations  are  too  few  in  number  to- 
make  it  worth  while  submitting  them  to  analysis,  but  a  little  study 
of  them  will  show  that  they  indicate  a  current  which  is  the  resultant 
of  a  constant  current  and  a  periodic  one.  A  constant  current  runnings 
S.E.  by  E.,  combined  with  a  tidal  current  running  N.N.W.  and 
S.S.E.,  the  maximum  velocity  of  which,  in  either  direction,  is  twice 
that  of  the  permanent  current,  would  give  a  resultant  current 
agreeing  fairly  with  that  observed.'** 

In  these  circumstances,  during  a  complete  tidal  interval  the  water 
flows  along  an  S-^ike  path,  and  in  the  twenty -four  hours  it  describea 
two  such  figures,  and  moves  on  in  a  zig-zag  course.  It  is  apparent 
that  the  integral  drift  in  the  twenty-four  hours  is  that  due  to  the 
constant  current  alone  independently  of  the  tidal  current.  The 
same  holds  for  twelve  hours.  Hence,  if  observations  are  carried  on 
at  frequent  and  regular  intervals  for  twelve  hours,  we  are  able  to 
determine  both  the  constant  current  and  ihe  tidal  current  superposed 
on  it,  and  it  is  to  be  hoped  that  when  they  can  be  made  they  will  not 
be  neglected  by  surveying  ships  and  telegraph  ships. 

Many  banks  are  already  known  in  the  North  Atlantic  on  which  such 
observations  could  conveniently  be  made,  and  there  are  probably  many 
more  scattered  about  the  ocean,  for  instance,  on  the  ridge  called  after 
the  U.S.S.  "  Dolphin,"  which  extends  along  a  somewhat  crooked  line 
from  the  Azores  to  Tristan  da  Cunha.  It  is  of  course  important  to 
have  fine  weather ;  then  the  boat  in  which  the  observations  are  made 

•  '  Edinburgh,  Roy.  8oc.  Pioc.;  ^o\.  13, 1886,  p.  437. 
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should,  if  possible,  be  moored  with  two  lines  to  prevent  swaying.  In 
cable  ships  large  mushroom  anchors  with  heavy  chain  bridles  are  in 
common  nse.  If  one  of  them  is  dropped,  a  ship's  boat  may  be 
anchored  to  it  with  no  more  line  than  is  required  to  reach  the  bottom, 
and  be  in  no  danger  of  swaying.  Similar  observations  should  be 
made  also  from  a  boat  anchored  in  very  deep  water. 

No  measurements  were  made  of  the  under  current,  but  by  sinking 
a  tow-net  made  fast  to  a  sounding  line,  it  was  seen  to  be  running  in 
the  same  direction  as  the  surface  current,  and  apparently  with  much 
the  same  velocity.  In  the  channels  between  the  Canary  Islands 
where  even  on  the  shallowest  ridges  the  water  is  over  1000  ^thoms 
in  depth,  the  tidal  current  reaches  to  the  very  bottom,  and  its  scour- 
ing action  is  shown  by  the  nature  of  the  bottom.  To  seaward  in 
1800  to  2000  fathoms  the  bottom  is  a  fine  Glohtgerina  ooze,  which 
gets  coarser  and  sandier  as  the  water  shoals  in  the  channels,  till  on 
the  summit  ridge  there  is  generally  no  deposit  at  all,  and  the  bottom 
is  rock  gr  coral  coated  with  black  oxide  of  manganese.  Bound  the 
western  end  of  Tenerife  the  tide  runs  violently  causing  rips  and  over- 
falls. Much  rocky  ground  is  met  with  in  the  North  Atlantic  in 
depths  of  even  1300  and  1400  fathoms,  especially  on  the  ridge  which 
extends  through  the  whole  length  of  that  ocean.  It  is  not  unlikely 
that  the  summit  edge  of  this  ridge  is  swept  clean  through  the  greater 
part  of  its  length,  and  it  must  be  remembered  that  the  removal  of 
sediment  from  one  part  of  the  ocean  bottom  means  its  deposit  in 
greater  abundance  in  others,  and  especially  in  hollows  in  the  neigh- 
bourhood of  the  ridge.  Hence  a  sounding  in  ''  ooze  or  clay  "  in  one 
position  furnishes  no  argument  against  the  trustworthiness  of  another 
sounding  in  the  vicinity  and  in  equally  deep  water  on  "  rock  "  or 
'*  hard  ground."  Such  ridges  are  great  enemies  to  telegraph  cables, 
for  while  the  tidal  currents  keep  the  rock-surface  clean,  they  also 
tend  to  give  the  cable  an  oscillating  or  surging  motion,  which  is  apt 
to  iH'ing  it  in  rubbing  contact  with  the  rock-surface  and  so  to  wear  it 
through.  On  the  other  hand  these  currents,  in  sweeping  clean  the 
rocky  eminences  at  the  bottom  of  the  ocean,  prepare  a  lodging  place 
for  deep-sea  corals,  and  bring  food  to  them  when  settled,  thus  enabling 
them  to  build  up  their  pillar-like  banks,  a  very  fine  example  of  which 
was  discovered  and  surveyed  by  the  "  Dacia "  on  the  12th  October, 
1883.  It  lies  in  lat.  34**  57'  N.,  long.  13**  57'  W.,  and  the  shoalest 
sounding  was  435  fathoms.  The  surface  of  the  bank  was  locally  very 
rough,  and  sloped  gradually  to  the  edge  in  about  550  fathoms,  when 
it  terminated  in  an  actual  precipice,  dropping  to  835  fathoms  in  one 
place. 

The  coral  on  this  bank  was  living  and  growing  in  the  greatest 
luxuriance,  and  many  specimens  which  were  bit)ught  up  showed  that 
the  living  corals  were  grpwlng  on  a  mass  of  dead  oii<&^.    TVi<^t^  ^<d2s^ 
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therefore  be  little  doubt  that  in  tbis  cue  we  bare  a  mbmarine  bonk 
which  is  in  vigorona  growth  towards  the  anrhoe,  and  whiob  has  been 
in  eiistence  long  enough  to  hare  risen  through  a  height  of  about  300 
fathoms  or  1800  feet.  I  have  little  doubt  that  in  a  large  number  of 
the  coral  islands  of  the  Pacific,  the  intermediate  platform  between 
the  tropical  reef- building  coral  and  the  rolcanic  peak,  plateau,  and 
ridge,  which  most  probably  form  the  fotmdatiou,  a  formed  bj  these 
deep-sea  corals  lai^Iy  assisted  bj  aimelide,  espeoially  Scarpnln,  which 
secrete  calcareona  tnbes.  The  tidal  cuTrents  aasist  their  growth  both 
hj  bringing  the  animals  nourishment  and  hj  remOTing  light  dSbrit 
which  might  choke  them. 


BiagnuQ  showing  tUo  reaullnat  ciurenti  due  to  tho  compoeitioi 
current,  OP,  witii  i.  lidal  current,  OT,  OX.' 
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Diagnm  ihowing  the  p«Ui  dewribed  in  twentj-foor  hour*  hj  a  pftrtiole  under  tlw 
influenoe  ot  tbe  tidal  and  conatant  curreala  of  fig.  1. 


II.  *'0n   the    Spectnun  of    the   Oxyhydrogen    Flame."      By 
G.  D.  LrvEZNG,  M.A.,  F.R.S.,  Professor  of  Chemistiy,  and 
J.  DewaR,  M.A,,  F.R.S.,  Jacksonmn  Professor,  University  of 
Cambridge.     Received  January  18,  1888. 
(Abfitract.) 
In  a  former  commnnication  the  aathors  described  simultaneously 
with  Dr.  Hnggina  the  strongest  portion  of  the  spectmrn  of  water, 
subsequently  they  described  a  second  less  strong  but  more  refrangible 
section  of  tbe  same  spectrum.     M.  Deslandres  has  noticed  a  third 
still  more  refrangible  section.    The  authors  now  find  that  tbe  spectrum 
extends,  with  diminishing  inteoBity,  into  the  visible  region  on  tbe  one 
hand,  and  far  into  the  ultra-violet  on  tbe  other.     These  faint  parts  of 
the  spectrum  they  bave  pbotograpbed,  using  the  dispersion  of  a  single 
calcite  prism  and  a  lengthened  exposure ;  and  in  tbe  present  com- 
munication tbey  give  a  map  of  the  whole  extent  observed,  and  a  list  of 
wavB-lengtbB  of  upwards  of  780  lines. 
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The  spectram  exhibits  the  appearance  of  a  series  of  rhythmical 
groups  more  or  less  overlapping  one  another,  and  the  arrangement  of 
the  lines  in  these  groups  is  shown  to  follow,  in  many  cases,  the  law 
that  the  distances  between  the  lines,  as  measured  in  wave-lengths,  are 
in  an  arithmetic  progression.  M.  Deslandres  had  previously  announced 
that  the  succession  of  lines  in  A,  B,  and  m  follow  this  law  when 
their  distances  are  measured  in  reciprocals  of  wave-lengths,  and  he  has 
stated  that  the  groups  A,  B,  and  a  have  counterparts  in  the  spectrum 
of  water.  The  authors  find  a  striking  resemblance  between  those 
groups  and  certain  parts  of  the  water  spectrum,  but  no  exact  corre- 
spondence. 

Dr.  Grttnwald,  of  Prague,  predicted  on  theoretical  grounds  that 
certain  lines  would  appear  in  the  spectrum  of  water,  and  the  authors 
have  found  a  considerable  number  of  lines  which  tally  closely  with 
Dr.  Griinwald's  predictions,  some  of  them,  in  the  extremities  of  the 
spectrum,  being  the  strongest  lines  observed  in  those  regions. 


III.  "  On  the  Voltaic  CSrcles  producible  by  the  mutual  Neutrali- 
sation of  Add  and  Alkaline  Fluids,  and  on  various  related 
Forms  of  Electromotors."  By  C.  R.  Alder  Wright,  D.Sc, 
F.R.S.,  Lecturer  on  Chemistry  and  Physics,  and  d  Thomp- 
son, F.I.C.,  F.C.S.,  Demonstrator  of  Chemistry,  in  St. 
Mary's  Hospital  Medical  School.  Received  January  18, 
1888. 
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February  9, 1888. 

Dr.  E.  FRANKLAND,  Vice-President,  in  the  Chair. 

.The  Presents  received  were  laid  on  the  table,  and  thanks  ordered 
for  them. 

The  following  Papers  were  read : — 

I.  "  The  Small  Free  Vibrations  and  Deformation  of  a  Thin 
Elastic  Shell."  By  A.  E.  H.  Love,  B.A.,  Fellow  of  St.  John's 
College,  Cambridge.    Received  January  19,  1888. 

(Abstract.) 

In  this  paper  the  method  employed  by  Kirchhoff  and  Clebsch  for 
the  treatment  of  a  thin  plane  plate  is  applied  to  the  case  of  a  thin 
shell,'  or  plate  of  finite  coryatnre.  The  form  of  the  potential-energy- 
function  for  the  strain  in  an  element  of  the  shell  is  the  same  as  that 
obtained  by  Kirchhoff  for  a  plate,  the  quantities  depending  on  the 
curvature  of  the  surface  being  replaced  by  the  difference  of  their 
values  in  the  strained  and  unstrained  states.  It  is  proved  that  only 
for  an  inextensible  spherical  surface  is  this  function  the  same  function 
of  the  changes  of  principal  curvature  as  for  a  plane  plate.  The 
general  equations  of  equilibrium  and  small  motion  under  the  action 
of  any  system  of  forces  are  formed.  It  is  shown  that  in  general  the 
shell  cannot  vibrate  in  such  a  manner  that  no  line  on  the  middle- 
surface  is  altered  in  length,  because  this  condition  makes  it  impos- 
sible to  satisfy  the  boundary  conditions  which  hold  at  a  free  edge. 
It  then  appears  that  approximate  equations  of  motion  may  be  taken, 
in  which  the  terms  of  the  potential  energy  depending  on  the  bending 
may  be  neglected,  and  only  those  depending  on  the  stretching  need 
be  retained.  It  is  shown  that  surfaces  of  uniform  curvature  with  no 
bounding  edges  are  the  only  ones  which  admit  of  purely  normal 
vibrations,  and  that  vibrations  in  which  the  displacement  is  purely 
tangential  are  possible  on  all  shells  whose  middle-surfaces  are  sur&^ses 
of  revolution  bounded  by  small  circles.  The  cases  of  the  spherical 
and  cylindrical  shell  receive  special  discussion.  The  equations 
of  motion  can  always  be  solved,  but  solution  s  of  the  frequency  equa- 
tions could  only  be  obtained  in  case  the  displacement  was  symmetrical 
about  the  axis.  The  application  of  the  general  equations  to  problems 
of  eqailibrinm  is  illustrated  in  the  case  of  spherical  shells,  for  which 
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the  equations  can  be  solved ;  some  special  examples  are  given.  For 
the  sake  of  greater  intelligibility,  I  have  included  an  historical 
acconnt  of  previous  theories  of  plane  plates  and  shells,  a  description 
of  the  method  of  the  present  paper,  and  a  summary  recapitulating 
the  chief  physical  results. 


II.  "  True  Teeth  in  the  young  Omithorhynchus  paradoxus^  By 
Edward  B.  Poulton,  M.A.,  F.L.S.,  of  Jesus  and  Keble 
Colleges,  Oxford.  Communicated  by  W.  K.  Parker,  F.R.S. 
Received  January  26, 1888. 

For  the  purpose  of  continuing  some  recent  work  upon  various 
epidermic  structures  in  Omithorhynchus,  Dr.  Parker  very  kindly 
placed  his  most  valuable  material  at  my  disposal.  Among  other  things 
was  a  series  of  consecutive  vertical  transverse  sections  through  the 
head  of  a  young  individual,  about  8*3  decimetres  long,  when  in  the 
curled-up  attitude  in  which  it  had  been  received,  and  which  was 
fixed  by  the  spirit.  In  this  specimen  only  the  larger  hairs  had 
appeared  above  the  surface  of  the  skin. 

The  sections  had  been  prepared  for  Dr.  Parker  by  his  son.  Professor 
W.  Newton  Parker,  of  Cardiff,  and  although  intended  for  the  investi- 
gation of  morphological  points  in  connexion  with  the  development  and 
structure  of  the  skull,  many  of  them  were  in  every  way  adapted  for 
minute  histological  investigation.  Examining  these  sections  I  found 
that  large  and  apparently  typical  mammalian  teeth  were  developing 
in  the  subepithelial  tissues  on  each  side  of  the  roof  of  the  mouth.  I 
at  once  communicated  with  Dr.  Parker,  telling  him  of  the  discovery, 
and  enquiring  whether  he  had  any  objection  to  the  publication  of  the 
fact.  Dr.  Parker  replied,  and  urged  me  to  at  once  communicate  the 
discovery  to  the  Royal  Society,  at  the  same  time  offering  me  matei*ial 
in  the  most  free  and  generous  manner  for  the  further  investigation  of 
the  dental  structures  in  Omithorhynchus  and  in  Echidna  (if  present 
in  the  latter).  When  it  is  remembered  that  Dr.  Parker  had  put  the 
sections  aside  for  a  time  in  consequence  of  the  press  of  other  work, 
intending  soon  to  make  ase  of  them  for  the  investigation  of  the  skull, 
it  will  be  seen  at  once  that  my  association  with  this  discovery  is 
purely  accidental,  and  that  I  have  been  treated  in  an  extremely 
generous  spirit. 

As  the  lower  jaw  was  not  included  in  the  sections,  I  cannot  yet 
state  that  teeth  are  present  in  it,  but  there  is  little  doubt  that  this  is 
the  case.*  Teeth  were  present  in  the  upper  jaw,  in  thirty  sections 
through  the  head,  and  of  these  all,  except  the  nine  anterior  sections, 
included  some  part  of  the  eye.     The  teeth  probably  represent  some 

*  I  haye  since  found  that  teeth  are  present  in  the  lower  jaw. — Feb.  6,  1888. 
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part  of  the  molar  series  in  the  higher  mammals.  Examining  the 
sections  from  the  front  hackwards,  the  first  tooth  appeared  a  little 
behind  the  anterior  margin  of  the  epithelial  elevation,  which  appears 
to  represent  the  developing  homy  plate  which  in  the  adult  is  the 
functional  representative  of  true  teeth.  The  teeth  seem  to  form  a 
tolerably  straight  line,  extending  internally  to  the  homy  plates,  and 
passing  considerably  further  backwards  than  the  latter.*  Owing  to 
imperfections  in  this  part  of  some  of  the  sections,  I  could  not  deter- 
mine the  exact  number  of  teeth  with  accuracy,  but  they  appear  to  be 
five  or  six  in  number  on  each  side.f  The  most  anterior  of  these  is 
of  a  different  character  from  the  others,  and  is  apparently  separated 
from  them  by  an  interval  which  is  longer  than  in  other  cases. 
This  anterior  tooth  is  the  most  developed,  and  its  apex  extends  so 
far  towards  the  surface  that  it  nearly  touches  the  epithelium.  It  is  a 
pointed  cylindrical  tooth,  directed  vertically  downwards.  The  foirf  or 
five  posterior  teeth  are  of  uniform  shape.  Their  structure,  appearance, 
and  relation  to  the  surface  are  shown  in  fig.  1  (  x  40).  The  two 
chief  cusps  of  each  of  these  broad  teeth  arise  from  the  inner  side  of 

the  surface.^ 

The  structure  of  the  enamel-cap  is  entirely  normal,  except  that 
capillaries  are  certainly  present  in  the  middle  membrane,  intruding 
from  without.  The  inner  layer  of  long  enamel  cells  is  very  distinct 
(see  figure).  No  enamel  is  formed  from  them  at  this  stage,  except 
probably  in  the  case  of  the  anterior  tooth. §  The  dentine  is  quite  normal 
in  appearance  and  formation  in  the  posterior  teeth,  except  that  the 
striation  due  to  dentinal  tubules  can  only  be  made  out  beneath  the 
apex,  but  this  may  be  due  to  the  condition  of  the  specimen  or  to  method 
of  preparation.il  The  inner  part  of  the  dentine  stains  faintly  in 
carmine,  and  shows  the  striation ;  the  outer  part  does  not  stain,  and 
appears  homogeneons.  The  dentine  of  the  anterior  teeth  is  much 
thicker,  and  is  not  of  normal  character  ||  in  its  inner  part,  its  outer 
part  resembling  that  of  the  other  teeth. 

*  In  the  lower  jaw  the  teeth  appear  to  lie  exactly  beneath  the  dereloping  plate. 
ThiB  may  be  the  case  in  the  upper  jaw  also,  for  the  epithelium  was  in  a  damaged 
condition,  and  I  may  have  been  mistaken  in  my  first  identification  of  the  unde- 
veloped horny  plate.  Comparison  with  a  slnill  of  the  same  age  strongly  supports 
this  conclusion. — Feb.  6,  1888. 

t  I  hare  since  found  that  the  teeth  are  fewer  ^  in  number,  probably  three 
being  present  upon  each  side  of  each  jaw.  The  two  posterior  teeth  have  many 
cusps,  and  the  two  largest  of  these  looked  like  separate  teeth  in  sections.  The  true 
shape  has  been  shown  by  a  dissected  preparation  of  the  lower  jaw. — Feb.  6,  1888. 

X  In  the  lower  jaw  the  two  chief  cusps  arise  from  the  <mter  side  of  the  teeth.— 
Feb.  6, 1888. 

§  Recently  prepared  sections,  made  in  order  to  decide  this  point,  hare  shown 
that  enamel  is  certainly  present. — Feb.  6,  1888. 

//  Recently  prepared  sections  have  shown  that  the  dentine  is  of  the  usual  stmc- 
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There  can  be  no  doabt  that  theso  stmctares  are  characteristic 
Mammalian  teeth,  and  their  appeamnco  harmoniseB  well  with  the 
resaltfl  of  Hertwi^f's  researche*  on  the  stracture  and  development  of 
Ptaooid  Boalee.  His  reaearches  indicate  that  the  Mammalian  teeth  are 
pTobablj  in  a  more  ancestral  oondition  than  any  other  organ  possessed 
by  the  adalt.  They  mnet  have  been  derived  at  one  time  from  Proto* 
therian  ancestors,  and  yet  existing  Frototheria  were  not  known  to 
possess  them.  Their  occnrreoce  in  Omitfaorhyncbna,  therefore,  snpplies 
the  step  jnst  where  it  is  wanted,  and  the  fact  that  tbey  are  practically 
identical  with  the  teeth  of  higher  mammals  is  a  further  indication  of 
the  ancestral  natni-e  of  these  strnntnree,  for  other  higher  mammalian 
features  represented  in  the  Prototheria  aie  profoundly  modified  in  the 
latter. 

Dr.  Parker  baa  very  kindly  placed  his  material  at  my  disposal,  so 
that  I  propo«e  lo  at  once  investigate,  and  shaU  shortly  publish  a  paper 
upon,  the  nature  of  the  teeth  in  the  lower  jaw  of  Oryithorhynchas 
ati'd  in  Echidna  (for  it  is  in  every  way  probable  that  they  will  be  found 
in  this  genus  also).     I  also  intend  to  work  at  the  mature  organism, 

ture,  altbough  in  Mne  leotions  it  hat  bem  reaAettA  apparoiitlj  bomogeneona, 
yiobMj  bf  wine  method  of  prepuation.— Feb.  6,  1S88. 

TOI.  JLI/J.  "^  ^ 
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for  it  seems  probable  that  such  large  tooth-mdiments  may  be  traceable 
in  later  stages. 

In  this  investigation,  the  few  points  of  uncertainty  as  to  the  minnte 
stractare  of  some  of  the*  tissues  will  in  all  probability  be  settled 
satisfactorily.* 

DESCBIPnON  OF  FIGUBE.     x40. 

The  arrow  points  towards  the  middle  line  of  the  mouth*  • 

M.  Mouth. 

«,  e.  Superficial  epithelium  of  oral  cayitj. 

m,  Sub-epitbelial  tissues  forming  tooth-sac  immediately  outside  enamel-cap. 

a.  Outer  membrane  of  enamel-cap. 

b.  Middle  membrane  of  enamel-cap. 

r.     Inner  membrane  of   enamel-cap ;  the  enamel  cells.     The  dark  lajer  just 

external  to  tbe  enamel  cells   represents    the  stratum  intermedium    of 

Hannover. 
d.    The  dentine,  of  which  the  inner  part  stains  faintlj  and  shows  the  delicate 

dentinal  tubes. 
9,    Space  caused  by  shrinkage  between  enamel  cells  and  the  outer  part  of  the 

tooth  rudiment. 
p.    Tooth  papilla, 
o.    The  odontoblasts  forming  the  superficial  layer  of  the  papilla. 


III.  "On  the  Relative  Densities  of  Hydrogen  and  Oxygen. 
Preliminary  Notice."  By  Lord  Rayleigh,  Sec.  R.S.,  Pro- 
fessor of  Natural  Philosophy  in  the  Royal  Institution. 
Received  Febioiary  2,  1888. 

The  appearance  of  Professor  Cooke's  important  memoir  npon  the 
atomic  weights  of  hydrogen  and  oxygenf  indaces  me  to  communicate  to 
the  Royal  Society  a  notice  of  the  results  that  I  have  obtained  with  respect 
to  the  relative  densities  of  these  gases.  My  motive  for.  undertaking 
this  investigation,  planned  in  18824  was  the  same  as  that  which 
animated  Professor  Cooke,  namely,  the  desire  to  examine  whether  the 
relative  atomic  weights  of  the  two  bodies  really  deviated  from  the  simple 
ratio  1  :  16,  demanded  by  Prout's  Law.  For  this  purpose  a  knowledge 
of  the  densities  is  not  of  itself  sufficient ;  but  it  appeared  to  me  that 
the  other  factor  involved,  viz.,  the  relative  atomic  volumes  of  the  two 
gases,  could  be  measured  with  great  accuracy  by  eadiometric  methods, 
and  I  was  aware  that  Mr.  Scott  had  in  view  a  redetermination  of  this 
number,  since  in  great  part  carried  out.§     If  both  investigations  are 

*  This  appeals  to  have  been  already  the  case. — Feb.  6, 1888. 
t  "The  Belative  Values  of  the  Atomic  Weights  of  Hydrogen  and  Oxygen,"  by 
J.  P.  Cooke  and  T.  W.  Richards,  '  Amer.  Acad.  Proc./  vol.  33, 1887. 
X  Address  to  Section  A,  British  Association  *  Report,'  1882. 
§  "  On  the  Coini>oeition  of  Water  by  Volume,"  by  A.  Scott,  *  Roy.  Soe.  Proc.,* 
/li/ia  i6>  i  887  (vol.  42,  p.  396). 
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oonducted  with  gases  under  the  normal  atmospheric  conditions  as  to 
temperatnre  and  pressure,  any  small  departures  from  the  laws  of 
Boyle  and  Charles  will  be  practically  without  influence  upon  the  final 
number  representing  the  ratio  of  atomic  wdgbts. 

In  weighing  the  gas  the  procedure  of  Eegnault  was  adopted,  the 
working  globe  being  compensated  by  a  similar  closed  globe  of  the  same 
external  volume,  made  of  the  same  kind  of  glass,  and  of  nearly  the 
same  weight.  In  this  way  the  weighings  are  rendered  independent  of 
the  atmospheric  conditions,  and  only  small  weights  are  required.  The 
weight  of  the  globe  used  in  the  experiments  here  to  be  described  was 
about  200  grams,  and  the  contents  were  about  1800  c.c. 

The  balance  is  by  Oertling,  and  readings  with  successive  release- 
ments  of  the  beam  and  pans,  but  without  removal  of  the  globes, 
usually  agreed  to  i^th  mgrm.  Each  recorded  weighing  is  the  mean 
of  the  results  of  several  releasements. 

The  balance  was  situated  in  a  cellar,  where  temperature  was  very 
eonstant,  but  at  certain  times  the  air  currents,  described  by  Professor 
Cooke,  were  very  plainly  noticeable.  The  beam  lefb  swinging  over 
night  would  be  found  still  in  motion  when  the  weighings  were  com- 
menced on  the  following  morning.  At  other  times  these  currents 
were  absent,  and  the  beam  would  settle  down  to  almost  absolute  rest. 
This  difference  of  behaviour  was  found  to  depend  upon  the  distribution 
of  temperature  at  various  levels  in  the  room.  A  delicate  theimopile 
¥rith  reflecting  cones  was  arranged  so  that  one  cone  pointed  towards 
the  ceiling  and  the  other  to  the  floor.  When  the  galvanometer  indi* 
cated  that  the  ceiling  was  the  warmer,  the  balance  behaved  well,  and 
vice  vered.  The  reason  is  of  course  that  air  is  stable  when  the  tem- 
perature increases  upwards,  and  unstable  when  heat  is  communicated 
below.  During  the  winter  months  the  ground  was  usually  warmer 
than  the  rest  of  the  room,  and  air  currents  developed  themselves  in 
the  weighing  closet.  During  the  summer  the  air  cooled  by  contact 
with  the  ground  remained  as  a  layer  below,  and  the  balance  was 
undisturbed. 

The  principal  difiFerence  to  be  noted  between  my  arrangements  and 
those  of  Professor  Cooke  is  that  in  my  case  no  desiccators  were  used 
within  the  weighing  closet.  The  general  air  of  the  room  was  pre- 
vented from  getting  too  damp  by  means  of  a  large  blanket,  occa- 
sionally removed  and  dried  before  a  fire.* 

In  Regnault's  experiments  the  globe  was  filled  with  gas  to  the 
atmospheric  pressure  (determined  by  an  independent  barometer),  and 
the  temperature  was  maintained  at  zero  by  a  bath  of  ice.  The  use  of 
ice  is  no  doubt  to  be  recommended  in  the  case  of  the  heavier  gases  ; 
but  it  involves  a  cleaning  of  the  globe,  and  therefore  diminishes  some- 

*  I  can  strongly  reoommend  this  method.  In  twenty-four  hours  the  blanket  will 
frequentlj  absorb  two  pounds  of  moisture. 
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what  the  ootnpiirabilitj  of  the  weighings,  yacnouB  and  fall,  on  which* 
everything  depends.  Hydrogen  is  so  light  that,  except  perhaps  in 
the  mean  of  a  long  series,  the  error  of  weighing  is  likely  to  be  more 
serious  than  the  nncertainty  of  temx)eratare.  I  hare  therefore  con- 
tented myself  with  enclosing  the  hody  of  the  glohe  dnring  the  process 
of  filling  in  a  wooden  box,  into  which  passed  the  bnlbs  of  two  ther> 
mometers,  reading  to  tenths  of  a  degree  centigrade.  It  seems  probable 
that  the  mean  of  the  readings  represents  the  temperatare  of  the  gas 
to  about  iV^b  degree,  or  at  any  rate  that  the  differences  of  temperatare 
on  various  occasions  and  with  yarioos  gases  will  be  given  to  at  least 
this  degree  of  accuracy.  Indeed  the  results  obtained  with  oxygen 
exclude  a  greater  uncertainty. 

Under  these  conditions  the  alternate  full  and  empty  weighings  can 
be  efiEected  with  the  minimum  of  interference  with  the  surface  oi  the 
globe.  The  stalk  and  tap  were  only  touched  with  a  glove,  and  the 
body  of  the  globe  was  scarcely  touched  at  all.  To  make  the  symmetry 
as  complete  as  possible,  the  counterpoising  globe  was  provided  with 
a  similar  case,  and  was  carried  backwards  and  forwards  between  the 
balance  room  and  the  laboratory  exactly  as  was  necessary  for  the 
working  globe. 

In  my  earliest  experiments  (1885)  hydrogen  and  oxygen  were  pre- 
pared simultaneously  in  a  y  -shaped  voltameter  containing  dilate  sol- 
phuric  acid.  Since  the  same  quantity  of  acid  can  be  used  indefinitely, 
I  hoped  in  this  way  to  eliminate  all  extraneous  imparity,  and  to  obtein 
hydrogen  contaminated  only  by  small  quantities  of  oxygen,  and  vice 
versa.  The  final  purification  of  the  gases  was  to  be  effected  by  passing 
them  through  red-hot  tubes,  and  subsequent  desiccation  with  phos- 
phoric anhydride.  In  a  few  trials  I  did  not  succeed  in  obtaining  good 
hydrogen,  a  result  which  I  was  iticlined  to  attribute  to  the  inadequacy 
of  a  red  heat  to  effect  the  combination  of  the  small  residue  of  oxygen.* 
Meeting  this  difficulty,  I  abandoned  the  method  for  a  time,  purposing 
to  recur  to  it  after  I  had  obtained  experience  with  the  more  usual 
methods  of  preparing  the  gases.  In  this  part  of  the  investigation 
my  expeiience  runs  nearly  parallel  with  that  of  Professor  Cooke.  The 
difficulty  of  getting  quit  of  the  dissolved  air  when,  as  in  the  ordinary 
preparation  of  hydrogen,  the  acid  is  fed  in  slowly  at  the  time  of 
working,  induced  me  to  design  an  apparatus  whose  action  can  be 
suspended  by  breaking  an  external  electrical  contact.  It  may  be 
regarded  as  a  Smee  cell  thoroughly  enclosed.  Two  points  of  difference 
may  be  noted  between  this  apparatus  and  that  of  Professor  Cooke.  In 
my  manner  of  working  it  was  necessary  that  the  generator  should 

*  From  Professor  Cooke's  experience  it  appears  not  improbable  that  the  imparity 
may  have  been  sulphuroufl  acid.    Is  it  certain  that  in  his  combustions  no  hydrogen 
{towardB  the  close  largelj^  diluted  'with  nitrogen)  escapes  the  action  of  the  oupric 
oxide  ?  -  .         . '  ^ ' 
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stand  an  internal  vacuam.  To  guard  more  thoronghlj  against  the 
penetration  of  external  air,  every  cemented  joint  waa  completely 
corered  with  vaseline,  and  the  vaseline  again  with  water.  Again,  the 
sines  were  in  the  form  of  solid  rtheets,  closely  surrounding  the  plati- 
nised plate  on  which  the  hydrogen  was  liberated,  aud  standing  in 
merGury.  It  was  found  far  better  to  work  these  cells  by  their  own 
electromotive  force,  without  stimulation  by  an  external  battery.  If 
the  plates  are  close,  and  the  contact  wires  thick,  the  evolution  of  gas 
may  be  made  more  rapid  than  is  necessary,  or  indeed  desirable. 

Tubes,  closed  by  drowned  stopcocks,  are  provided,  in  order  to  allow 
the  acid  to  be  renewed  without  breaking  joints ;  but  one  charge  is 
sufficient  for  a  set  of  experiments  (three  to  five  fillings),  and  during 
the  whole  of  the  time  occupied  (10  to  14  days)  there  is  no  access  of 
atmospheric  air.  The  removal  of  dissolved  air  (and  other  volatile 
impurity)  proved,  however,  not  to  be  so  easy  as  had  been  expected, 
even  when  assisted  by  repeated  exhaustions,  with  intermittent  evolu- 
tion of  hydrogen  ;  and  the  results  often  showed  a  progressive  improve- 
ment in  the  hydrogen,  even  after  a  somewhat  prolonged  preliminary 
treatment.  In  subsequent  experiments  greater  precautions  will  be 
taken.*  Experience  showed  that  good  hydrogen  could  not  thus  be  ob- 
tained from  zinc  and  ordinary  "  pure  "  sulphuric  acid,  or  phosphoric 
acid,  without  the  aid  of  purifying  agents.  The  best  results  so  far  have 
been  from  sulphuric  and  hydrochloric  acid,  when  the  gas  is  passed 
in  succession  over  liquid  potash,  through  powdered  corrosive  subli- 
mate, and  then  through  powdered  caustic  potash.  All  the  joints  of 
the  purifying  tubes  are  connected  by  fusion,  and  a  tap  separates  the 
damp  from  the  dry  side  of  the  apparatus.  The  latter  includes  a 
large  and  long  tube  charged  with  phosphoric  anhydride,  a  cotton  wool 
filter,  a  blow-o£E  tube  sealed  with  mercury  until  the  filling  is  com- 
pleted, besides  the  globe  itself  and  the  Toppler  pump.  A  detailed 
description  is  postponed  until  the  experiments  are  complete.  It  may 
be  sufficient  to  mention  that  there  is  but  one  india-rubber  connexion, 
— that  between  the  globe  and  the, rest  of  the  apparatus,  and  that  the 
leakage  through  this  was  usually  measured  by  the  Toppler  before 
commencing  a  filling  or  an  evacuation. 

The  object  of  giving  a  considerable  capacity  to  the  phosphoric 
tube  was  to  provide  against  the  danger  of  a  too  rapid  passage  of  gas 
through  the  purifying  tubes  at  the  commencement  of  a  filling.  Sup- 
pose, the  gas  to  be  blowing  off,  all  the  apparatus  except  the  globe 
(and  the  Toppler)  being  at  a  pressure  somewhat  above  the  atmo- 
spheric. The  tap  between  the  damp  and  dry  sides  is  then  closed, 
and  that  into  the  globe  is  opened.     The  gas  which  now  enters  sorae- 

*  Speetrum  analysis  appears  to  be  incapable  of  indicating  the  presence  of  com- 
parafciTely  large  quantities  of  nitrogen. 
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^hat  rapidly  is  thoroi;igblj  diy,  having  been  in  good  contact  with 
the  phosphoric  anhydride.  In  this  way  the  pressure  on  the  dry  tide 
is  reduced  to  about  2  inches  of  mercury,  but  this  residue  is  snfSoient 
to  allow  the  damp  side  of  the  apparatus  to  be  exhausted  to  a  stOl 
lower  pressure  before  the  tap  between  the  two  sides  of  the  apparatus 
is  reopened.  When  this  is  done,  the  first  moTement  of  the  gas  is 
retrograde ;  and  there  is  no  danger  at  any  stage  of  imperfect  purifica- 
tion. The  generator  is  then  re-started  until  the  gBS  (after  from  two  of 
fiye  hours)  begins  to  blow  off  again. 

In  closing  the  globe  some  precaution  is  reqtiired  to  secure  that 
the  pressure  therein  shall  really  be  that  measured  l^  the  barometer. 
The  mercury  seal  is  at  some  distance  from,  and  at  a  lower  level  than, 
the  rest  of  the  apparatus.  After  removal  of  the  mercury  the  flow  of 
gas  is  continued  for  about  one  minute,  and  then  the  tap  between  the 
dry  and  damp  sides  is  closed.  From  three  to  five  minutes  more  were 
usually  allowed  for  the  complete  establishment  of  equilibrium  before 
the  tap  of  the  globe  was  turned  off.  Experiments  on  oxygen  appeared 
to  show  that  two  minutes  was  sufi&cient.  For  measuring  the  atmo- 
spheric pressure  two  standard  mercury  barometers  were  employed. 

The  evacuations  were  effected  by  the  Toppler  to  at  least  -nrirni) 
so  that  the  residual  gas  (at  any  rate  after  one  filling  with  hydrogen) 
could  be  neglected. 

I  will  now  give  some  examples  of  actual  results.  Those  in  the 
following  tables  relate  to  gas  prepared  from  sulphuric  acid,  with  sub- 
sequent purification,  as  already  described  :— 


Globe  (14),  empty. 


Globe  (14),  full. 


Date. 

Left. 

Right. 

Balance 
reading. 

1837. 

Oct.  27— Nov.  5 

Not.  7 — Nov.  8 

Nov.  9— Nov.  10 

Nov.  11— Nov.  12 

Gi4-l- 0-394 

•  • 

Gil 

•  • 

22-66 
22-89 
23  00 
21-72 

Date. 


/ 


1887. 
Nov.    5 —  7.. 
Nov.    8—9.. 
Nov.  10— 11.. 
Nov.  12—14.. 


Left. 

Bight. 

»14 

-1-0-2400 

G.i 

»M 

+  0 -2364 

G.. 

»,4 

+  0-2360 

On 

Ou 

+  0-2340 

»n 

Balance 
reading. 


Barometer. 


20-52 
19-77 
19  18 
19-61 


in. 
29-416 
29*830 
22-807 
30-185 


Temperature.! 


C. 

14 -r 

12-3 
11-2 
10-3 
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The  Becond  oolaihn  shows  that  glohe  (14)  and  certain  platinam 
weights  were  suspended  from  the  left  end  of  the  beam,  and  the  third 
colnmn  that  (in  this  series)  onlj  the  oonnterpoising  globe  (11)  was 
hung  from  the  right  end.  The  fourth  column  gives  the  mean  balance 
reading  in  divisions  of  the  scale,  each  of  which  (at  the  time  of  the 
above  experiments)  represented  0*000187  gram.  The  degree  of  agree* 
mflnt  of  these  numbers  in  the  first  part  of  the  table  gives  an  idea  of 
the  errors  due  to  the  balance,  and  to  uncertainties  in  the  condition  of 
the  exteriors  of  the  globes.  A  minute  and  unsystematic  correction 
depending  upon  imperfect  compensation  of  volumes  (to  the  extent  of 
about  2  c.c.)  need  not  here  be  regarded. 

The  weight  of  the  hydrogen  at  each  filling  is  deduced,  whenever 
possible,  by  comparison  of  the  *'  full "  reading  with  the  mean  of  the 
immediately  preceding  and  following  '*  empty "  readings.  The 
difEerenoe,  interpreted  in  grams,  is  taken  provisionally  as  the  weight 
of  the  gas.    Thus  for  the  filling  of  Nov.  5— 

H  =  0154-2-25X  0-000187  =  0-1535a 

The  weights  thus  obtained  depend  of  course  upon  the  temperature 
and  pressure  at  the  time  of  filling.  Reduced  to  correspond  with  a 
tempeiBUire  of  12*^,  and  to  a  barometric  height  of  30  inches  (but 
witiiout  a  minute  correction  for  varying  temperature  of  the  mercury) 
they  stand  thus — 

Novembers 015811 

„         8 016807 

„       10 015798 

„       12 015792 


Mean 0*  15802 

The  hydrogen  obtained  hitherto  with  similar  apparatus  and  puri- 
fying tubes  from  hydrochloric  acid  is  not  quite  so  light,  the  mean  of 
two  accordant  series  being  0*15812. 

The  weighing  of  oxygen  is  of  course  a  much  easier  operation  than 
in  the  case  of  hydrogen.  The  gas  was  prepared  from  chlorate  of 
potash,  and  from  a  mixture  of  the  chlorates  of  potash  and  soda. 
The  discrepancies  between  the  individual  weighings  were  no  more 
than  might  fairly  be  attributed  to  thermometric  and  manometric 
errors.  The  result  reduced  so  as  to  correspond  in  all  aspects  with 
the  numbers  for  hydrogen  is  2*5186.* 

But  before  these  numbers  can  be  compared  with  the  object  of 
obtaining  the  relative  densities,  a  correction  of  some  importance  is 
required,  which  appears  to  have  been  overlooked  by  Professor  Cooke, 

*  An  examination  of  the  weighti  rerealed  no  error  worth  taking  into  aooDunt  at 
present 
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as  it  wts  by  Kegnanlt.  The  weight  of  the  gas  is  tioi  to  be  found  bj 
merely  taking  the  differeoGe  of  the  fall  and  empty  weighings,  unless 
indeed  the  weighings  are  oondncted  tn  ^aeuo.  The  eottefmsA  Tolnme 
of  the  globe  is  larger  when  it  is  fnll  than  when  it  is  empty,  and  the 
weight  of  the  air  corresponding  to  this  difference  of  Tolnme  mnst  be 
added  to  the  apparent  weight  of  the  gas. 

By  filling  the  globe  with  carefnlly  boiled  water,  it  is  not  diflieiilt 
to  determine  experimentally  the  expansion  per  atmosphere.  In  the 
case  of  globe  (14)  it  appears  that  nnder  nonnal  atmospherio  o»ndi« 
tioDs  the  quantity  to  be  added  to  the  apparent  weights  of  the 
hydrogen  and  oxygen  is  0*00056  gram. 

The  actoally  observed  alteration  of  volnme  (regard  being  had  to 
the  corapressibility  of  water)  agrees  rery  nearly  with  an  d  priori 
estimate,  founded  upon  the  theory  of  thin  spherical  elastic  shells  and 
the  known  properties  of  glass.  The  proportional  ralne  of  the 
required  correction,  in  my  case  about  rifsv  ^^  ^^^  weight  ol  the 
hydrogen,  will  be .  for  spherical  globes  proportional  to  a/^,  where 
a  is  the  radins  of  the  globe,  and  t  the  thickness  of  the  shell, 
or  to  V/W,  if  V  be  the  contents,  and  W  the  weight  of  the  glass. 
This  ratio  is  nearly  the  same  for  Professor  Cooke's  globe  and  for 
mine ;  but  the  much  greater  departure  of  his  globe  from  the  spherical 
form  may  increase  the  amount  of  the  correction  which  onght  to  be 
introduced. 

In  the  estimates  now  to  be  given,  which  must  be  regarded  as  pro- 
visional, the  apparent  weight  of  the  hydrogen  is  taken  at  0*15804,  so 
that  the  real  weight  is  0*15860..  The.  weight  of  the  same  volume  of 
oxygen  under  the  same  conditions  is  2;5186  +  00006  =  2'5192.  The 
ratio  of  these  numbers  is  15*884. 

The  ratio  of  deusities  found  by  Begnault  was  15*964,  but  the 
greater  part  of  the  difference  may  well  be  accounted  for  by  the  omis- 
sion of  the  correction  just  now  considered. 

In  order  to  interpret  our  result  as  a  ratio  of  atomic  weights,  we 
need  to  know  accurately  the  ratio  of  atomic  volumes.  The  number 
given  as  most  probable  by  Mr.  Scott  in  May,  1887,*  was  1*994,  but 
he  informs  mo  that  more  recent  experiments  under  improved  condi- 
tions give  1*9965.  Combining  this  with  the  ratio  of  densities,  we 
obtain  as  the  ratio  of  atomic  weights — 

1*9965 

It  is  not  improbable  that  experiments  conducted  on  the  same  lines, 
but  with  still  greater  precautions,  may  raise  the  final  number  by  one 
or  even  two  thousandths  of  its  value. 

The  ratio  obtained  by  Professor  Cooke  is  15*953  ;  but  the  difference 

•  Loc.  cit. 
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between  this  number  and  that  above  obtaitied  maj  be  more  than 
aooonnted  for,  if  I  am  right  in  my  snggeetion  that  his  gas  weighings 
reqnire  correction  for  the  diminished  buojancj  o£  the  globe  when  the 
internal  pressure  is  removed. 
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February  16»  1888. 

Professor  G.  G.  STOBSIS,  D.C.L.,  President,  in  the  Cliair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered 
for  them. 

The  following  Papers  were  read :— - 

I.  "  Note  on  the  ChangeB  eflTected  by  Digestion  on  Fibrinogen. 
Mid  Filmn."  By  L.  C.  Wooldridge,  M.D.,  D.Sc.,  Assistant 
Physician  to  Gny's  Hospital.  Commnnicated  by  Professor 
Victor  Horslet,  F.R.S.  (From  the  Laboratory  of  the 
Brown  Institution.)     Received  January  27,  1888. 

Fibrinogen  is  a  name  conveniently  given  to  a  group  of  prote'id  snlv 
stanoep  which  can  all  be  converted  under  certain  conditions  into 
fibrin.  They  exist  in  blood  plasma  (in  traces  in  certain  kinds  of  blood 
seram),  and  they  can  be  prepax^d  from  almost  all  animal  tissaes 
(thymus,  testis,  brain,  liver,  kidney,  stroma  of  red  corpuscles,  <&^.). 

They  diifer  slightly  in  their  behaviour  towards  various  reagents, 
but  they  have  a  number  of  characters  in  common.  Thej  are  all 
extremely  easily  changed  by  precipitation .  In  their  normal  condition 
tbey  are  easily  soluble  in  water  (*^  soluble  "  as  casein  is  dissolved  in 
milk).  They  are  readily  precipitated  by  acetic  acid  in  excess,  and 
dilute  mineral  acids  in  slight  excess.  If  more  dilute  acid  be  added 
they  are  re-dissolved.* 

On  adding  pepsin  to  the  acid  solution  and  maintaining  the  mixture 
at  a  temperature  of  87°  for  some  hours,  a  very  marked  precipitate 
makes  its  appearance.  This  precipitate  is  not  dissolved  if  the  artificial 
digestion  be  continued  for  many  days.  Freshly  formed,  it  is  easily 
soluble  in  dilute  alkalis,  but  not  in  dilute  acids.  It  dissolves  in 
strong  nitric  acid,  giving  a  yellow  or  yellowish-green  solution,  which 
gives  a  marked  xanthopj:oteic  reaction  on  warming  and  adding  ammo- 
nia. On  incinerating  it  leaves  a  markedly  acid  ash.  If  it  be  burnt 
with  a  little  soda  and  saltpetre  the  ash  is  found  to  be  extremely  rich 
in  phosphpric  acid. 

The  phosphorus  is  present  in  the  form  of  lecithin. 

The  alcoholic  extract  of  even  very  small  quantities  of  the  precipitate 
contains  relatively  very  large  quantities  of  lecithin. 

After  complete  extraction  with  alcohol  there  is  either  no  phosphorus 

*  It  is  to  be  noted  that  fibnoogens  ore  easily  changed  in  this  respect  bj  precipi- 
tation. 
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at  all  in  the  ash,  or  a  very  dubious  trace,  due  probably  to  imperfect 
extraction. 

The  ash  always  contains  iron,  and  the  iron  is  not  removed  from  the 
precipitate  by  extraction  ^with  alcohol*  containing  hydrochloric  acid. 
This  description  appb'ea  equally  to  the  fibrinogen  obtained  frojop.  the 
tissneis  and  the  fibrinogens  present  in  blood.* 

Under  appropriate  conditions  these  fibrino^ns  can  be  entirely  con- 
verted into  fibrin.  The  fibrin  always  contains  lecithin;  but  fibrin 
differs  from  the  fibrinogens  from  which  it  is  formed  by  being  abso- 
lutely and  entirely  soluble  in  artificial  gastric  juice.'  This  remarkable 
difference  in  the  behaviour  of  the  two  classes  of  substances  towards 
artificial  gastric  jaice  is  considered  by  the  author  as  istrong  evidence 
that  the  relation  between  the  lecithin  and  the  proteld  which  both 
bodies  contain  must  be  different  in  the  two  cases. 
,  That  lecithin  was  a  very  important  factor  in  coagulation  was  shown 
by  the  author  many  years  ago,  and  this  fact  has  been  fully  confirmed 
by  pupils  of  Alexander  Schmidt  (Nauck,  Samson-Himmelstjema, 
Kruger). 

Ordinary  fibrin  obtained  by  whipping  blood  always  leaves  an  undi- 
gested residue,  due  partly  to  the  presence  of  admixed  white  corpusdee 
(Hammarsten),  partly,  however,  to  its  containing  unchanged  fibrino- 
gen. Fibrin  obtained  from  pure  fibrinogen  fluids  by  artificially 
induced  coagulation  is  always  completely  digestible  if  care  be  taken 
that  it  contains  no  unchanged  fibrinogen.  The  fibrin  obtained  by  the 
action  of  ferment  on  fibrinogen  is  always  completely  dig^tible 
(Hammarsten). 


II.  *'A  new  Method  for  determining  the  Number  of  Micro- 
organisms in  Air."  ^j  Professor  Carnelley,  D.Sc,  and 
Thos.  Wilson,  University  College,  Dundee.  Communi- 
cated by  Sii-  Henry  Rosgoe,  F.R.S.  Received  February  3, 
1888. 

(Abstract.) 

This  is  a  modification  of  Hesse's  well-known  process.  It  consists 
essentially  in  the  substitution  of  a  flat-bottomed  conical  flask  for  a 
Hesse's  tube.  Its  chief  advantages  are: — (1.)  Much  smaller  cost  of 
flask  and  fittings  as  compared  with  Hesse's  tubes ;  (2.)  Very  many 
fewer  breakages  during  sterilisation;  (3.)  Great  economy  in  jelly; 
(4.)  Freedom  from  leakage  during  sterilisation;  (5.)  Results  not 
vitiated  by  aerial  currents. 

*  The  presence  of  iron  in  an  organic  form  in  blood  plasma  was  described  by  the 
author  in  the  Arris  and  Qide  Lectures,  delivered  before  the  Kojral  Ck)Uegeof  Surgeons 
in  1886,    FsLmphlet,  1886. 
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in.  "Note  OD  the  Number  of  Micro-orgaaismB  in  MooilaDcI 
Air."  By  Professor  CABNKLLEr,  D.Sc,  and  ThoS.  WlWON, 
Univendty  College,  Dundee.  Communicated  by  Sir  HEIfaT 
ROSOOB,  F.R.S.    Received  February  3,  1888. 

Aa  no  determinations  appear  to  have  been  mode  of  tbe  number  of 
micro-organisms  in  moorland  air,  the  following  reaolts  obtained  last 
■nmroer  may  be  of  interest  as  forming  a  small  contribution  (o  onr 
knowledge  of  the  distribation  of  micro-organisms  in  the  air  of 
different  localities. 

Oar  determinations  were  made  "  on  the  heather"  in  the  neigh- 
bourhood of  Midtown,  in  the  parish  of  Tanadice,  in  Forforshira. 
This  forms  a  part  of  the  Clova  district,  so  well  known  to  botanists  as 
the  habitat  of  many  rare  monntain  and  moorland  plants.  Midtown 
is  situated  at  a  beif^ht  of  abont  1000  feet  above  the  lerel  of  the  sea, 
and  is  far  removed  from  towns  and  other  soarces  of  contamination, 
as  is  evidenced  hj  the  fact  that  the  nearest  railway  is  about  six  milM 
away. 

We  also  made  simnltaneoDB  estimations  of  the  car-bonio  acid  by 
Pettenkofer's  method.  The  process  employed  for  the  determination 
of  the  mioro^rganisms  was  the  "flask  method,"  which  we  have 
already  described  in  a  previous  paper.  The  samples  of  air  were 
taken  at  a  height  of  abont  3  feet  from  the  groaod.  The  results 
obtained  are  represented  in  the  following  table.  10  litres  of  air  were 
aspirated  in  each  case.  More  determinations  would  have  been  made, 
but  owing  to  an  accident  the  remainder  of  the  flasks  were  nnfor- 
tonately  spoilt. 
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The  weather  had  been  fine  and  dry  for  a  long  time  previonB  to 
Ang^t  9th,  bat  between  that  and  the  15th  there  were  several  days 
of  rain. 

It  will  thns  be  seen  that  noi  a  single  sample  contained  haxieria^  and 
that  aXL  the  micro-organisms  obtained  consisied  of  moulds^  OAnounting  oti 
the  average  to  3*5  per  litre. 

Now  Miquel  and  Dr.  P.  FranUand  have  each  bhown  that  the  air  is 
mach  richer  in  micr(M)rganisms  daring  the  snmkner  than  daring  the 
winter,  there  being  a  minimnm  abont  midwinter  and  a  maximum 
about  Joly  and  Aagust,  thos  : — 


- 

P.  Frankland. 

Montsouris. 

Paris. 

South 
Kenaingtpii. 

Winter  (D(n^,  Jan.,  Feb.)  .... 
Spring  (March,  April,  May)  . . 
Summer  (June,  July,  Aug.)  . . 
Autumn  (Sept.,  Oct.,  Not.)  . . 

2  0 

6*0 
6-4 
4*8 

21*3 
47*9 
60*5 
37*0 

12 
29 
74 
30 

It  hence  follows  that  the  number  of  moulds  we  f oand  in  moorland 
air  was  probably  a  maximum,  since  the  determinations  were  made  in 
Angust,  and  that  bacteria  are  absent  all  the  year  ronnd  in  pure  air 
from  moors  and  hills  away  from  towns. 

In  order  to  give  an  idea  of  the  number  of  micrcf-organisms  in 
moorland  air  as  compared  with  air  from  other  localities,  the  following 
table  is  appended,  more  especially  as  many  of  these  data  are  noi 
generally  accessible  to  chemists  : — 
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IV.  "On  the  possibly  Dual  Origin  of  the  Mammalia."    By  St. 
George  Mivart,  M.D.,  F.R.S.    Received  February  14, 1888. 

The  recent  discoyery  by  Mr.  Edward  B.  Poalton  of  non-funotional 
teeth  hidden  beneath  the  bony  plates  of  the  jaws  of  the  young  Omi- 
thorhynchns  is  not  only  most  interesting  in  itself,  but  taken  in  con- 
nexion with  another  recent  discoyery  as  to  the  anatomy  of  that 
animal,  exceedingly  suggestive.  It  is,  of  course,  easy  to  assign  too 
great  a  yalue  to  the  forms  of  teeth,  and  eyeryone  knows  how  Cuyier 
was  thus  led  to  associate  the  marsupial  Camiyora  with  the  placental 
Camiyores.  There  is  an  eyident  temptation  also  to  exaggerate  the 
significance  of  dental  stmctare,  both  on  account  of  the  obyioos  nature 
of  such  characters  and  also  because  they  are  so  exceptionally  well 
preseryed  in  fossil  remains.  But  no  zoologist  can  deny  that  the 
yalue  of  dental  characters  is  often  exceedingly  gpreat,  and  when,  as  in 
the  case  of  Ornithorhynchus,  we  haye  them  in  the  form  of  Hying 
fossils,  as  it  were,  entombed  within  the  jaws,  we  may  fairly  presume 
that  they  show  us  what  their  shape  was  when  they  were  last  in 
actual  use,  and  so  must  possess  a  greater  or  less  taxonomic  yalue.  The 
most  yaluable  eyidences  of  affinity  are  commonly  afforded  by  struc- 
tures less  distinctly  related  to  habits  of  life.  Thus,  for  example,  the 
course  taken  by  the  internal  carotid  artery  has  often  a  more  profound 
significance  than  has  either  the  structure  of  the  teeth  or  shape  of  the 
limbs ;  while  the  possession  by  any  two  animals  of  a  prehensile  tail 
— in  spite  of  the  niceties  of  structure  which  concur  to  produce  it — 
cannot  alone  be  accepted  as  a  test  that  they  belong  eyen  to  the  same 
order. 

The  shape  of  the  teeth,  haying  a  manifest  direct  relation  to  condi- 
tions of  life,  requires,  then,  a  yery  careful  criticism  before  any 
evidence  it  may  seem  to  afford  can  be  relied  on  as  a  test  of  affinity. 

The  Omithodelphia  (Omithorhynchiis  and  Echidna)  have  long  been 
known  to  possess  characters  resembling  the  Sauropsida  and  especially 
the  Lacertilian  Reptilia.  Nevertheless,  no  less  distinguished  an 
anatomist  than  Professor  Huxley  has,  so  late  as  1880,  regarded  them 
as  descendants  (through  imaginary  creatures  called  Hypotheria)  from 
amphibians  and  not  from  any  of  the  Sauropsida  ;*  a  view  which  I 
mvself  have  also  held. 

The  most  interesting  discovery  by  Mr.  Caldwell  of  the  eggs  of  Orni- 
tliodelyhiay  the  announcement  of  which  startled  the  meeting  of  the 
British  Association  in  Canada,  greatly  strengthened  the  evidence  pre- 
viously relied  on  by  certain  naturalists,  that  the  Omithodelphia 
descended  from  some  Reptilian  form,  and  this  view  seems  to  have 

•  'Zool.  Soc.  Proc./  1880,  p.  m2. 
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met  witli  general  acceptance,  and  it  is  similarly  supposed  that  all 
other  mammals  mast  have  followed  the  same  ronte  and  must  there- 
fore also  be  descendants  of  some  early  reptile-like  creatnre. 

The  question,  therefore,  of  this  resemblance  or  non-resemblance  of 
the  Omithorhynchns  teeth  with  any  known  reptilian  teeth  becomes  a 
question  of  much  interest.  The  author  of  the  recent  communication, 
Mr.  PoultoB,  affirmed  that  the  teeth  were  distinctly  mammalian 
teeth* 

I  have  long  believed  that  no  such  teeth  were  to  be  found  in  any  of 
the  Sauropsida,  and  the  conviction  I  previously  entertained  has  been 
confirmed  by  a  recent  re-examination  {ad  hoc)  of  the  dentition  of 
Reptiles  extant  and  extinct,  preserved  in  the  National  Collection ;  and 
I  here  desire  to  express  my  warm  thanks  to  Mr.  G.  A.  Boulenger  and 
Mr.  Lydekker  for  the  very  kind  and  ready  help  I  have  received  from 
them. 

The  results  of  my  examination  may  be  snmmed  up  as  follows : — 

The  Sauropsidan  tooth,  from  the  lowest  reptiles  to  Hesperomis,  may 
be  described  in  general  terms  as  a  subcorneal  structure  in  which 
subsidiary  additions  or  modifications  may  arise,  which,  however,  never' 
cause  it  to  resemble  a  mammalian  molar — except,  of  course,  such 
exceptional  mammalian  molars  as  are  themselves  mere  dental  cones— 
or  to  resemble  the  mandibular  tooth  described  by  Mr.  Poulton  as  exist- 
ing in  Omithorhynehus.  That  tooth  was  said  to  present  the  follow- 
ing characters : — Towards  its  outer  edge  were  two  large  cusps,  one  in 
front  of  the  other,  and  opposite  to  them  were  four  or  five  very  small 
ones  extending  from  behind  forwards  along  the  inner  edge  of  the 
tooth.  The  tooth  above  it  was  said  to  be  conversely  constructed,  so 
that  the  two  interlocked,  the  greater  prominence  of  the  upper  tooth 
being  towards  its  internal  edge. 

Nothing  of  this  kind  exists  in  any  reptile.  In  reptiles  the  dental 
cone  may  be  laterally  compressed  and  serrated  at  its  margin,  as  in 
Megaloaaurus ;  it  may  be  less  laterally  compressed  but  serrated  and 
furnished  with  vertical  prominences,  as  in  Iguanodon.  From  this 
we  find  transitions  to  the  tricuspid  tooth  of  Cydura,  and  the  summit 
is  subdivided  into  two  or  three  cusps  in  a  multitude  of  existing 
lizards,  while  it  may  assume  the  form  of  a  fleur-de-lys  as  in  Amhly' 
rhynehus.  Very  rarely  (only  in  Teius  and  Dierodon)  there  may  be  a 
supplementary  prominence  on  one  side,  which  may  attain  to  within  a 
short  distance  of  the  height  of  the  main  cone  and  thus  present  the 
appearance  of  a  single  cone  with  a  deep  an tero- posteriorly  directed 
groove.     Finally,  as  in  Empedias-f  there  may  be  a  central  prominence 

*  "The  teeth  probably  represent  some  part  of  the  molar  series  in  the  higher 
mammalB." 

t  The  JEmpedoclet  wolaris  of  Cope  (see  *  Amer.  Phil.  Soc.  Proc.,*  vol.  19,  p.  47). 
The  specimens  in  our  nstijnal  collection  are  also  thus  labelled. 
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(whioh  appears  to  become  much  worn  down  by  use)  with  a  small 
accessory  prominence  both  on  the  inner  and  the  outer  side  of  the 
central  one.  As  every  one  knows,  reptilian  teeth  may  become 
obtnse  rounded  stroc tares  as  in  Gydodua  and  Ada^  or  almost  quite 
flattened  as  in  the  curious  extinct  reptiles  Lepidoius  and  Placodus, 
The  Theriodontia*  offer  examples  of  teeth  more  or  less  like  the 
incisors  and  canines  of  mammals,  but  exhibit  no  grinding  molar,  the 
Hubdiyisions  of  the  summits  of  their  molar  ,teeth  sometimes,  however, 
reminding  us  of  tbe  tricuspid  molars  so  common  in  existing 
Lacertilians. 

Such  being  the  negative  evidence  with  respect  to  the  molar  teeth  of 
the  Sauropsida,  I  availed  myself  of  the  kind  assistance  of  Mr.  Oldfield 
Thomas,  F.Z.S.,  in  an  endeavour  to  find  amongst  mammals  teeth 
like  those  described  as  existing  in  the  Omithorhynchus.  Although 
various  forms  were  seen  to  present  slight  resemblances,  we  failed  to 
obtain  any  which  could  be  said  to  bear  an  unquestionable  likeness  to 
them. 

The  ancestors  of  the  Omithorhynchus  which  had  functional  teeth| 
must,  according  to  the  ordinarily  received  doctrine  of  evolution,  have 
had  a  general  bodily  organisation  at  least  as  Sauropsidan  as  that  of 
the  existing  Omithodelphia^  How  far  back  in  geological  time  that 
tooth  structure  existed,  we  have  as  yet  no  evidence;  but  we  have 
abundant  evidence  that  a  dentition  much  like  that  of  some  existing 
Marsupials  already  existed  during  the  deposition  of  the  Oolite 
strata.  Professor  Huxley  has  expressedf  his  expectation  that 
generalised  ancestors  of  the  Monotremes  may  be  found  amongst  the 
remains  '*of  thb  terrestrial  Vertebrates  of  the  later  Paleeozoic 
epochs." 

The  toothed  ancestor  of  the  Omithorhynchus,  however,  could  I 
think  hardly  have  been  extant  at  so  extremely  distant  an  epoch ;  for 
then  its  resemblance  in  other  respects  to  the  La4:erHlia  would  make  it 
probable  that  it  had  a  pretty  close  connexion  with  the  stem  of  the 
Sauropsidan  tribe.  But  a  connexion  so  low  down  seems  unlikely, 
now  that  we  are  acquainted  with  its  tooth-stracture ;  since  amongst 
the  multitude  of  numerous  Sanropsidan  species  living  and  extinct, there 
is  not  one  which  has  inherited  a  tooth  at  all  like  that  of  the  Omitho- 
rhynchus, but  the  teeth  of  every  one  such  species  is,  as  above  stated, 
formed  upon  a  fundamentally  different  type ;  this  could  hardly  be 
the  case  if  the  Omithorhynchus  tooth  was  derived  from  some  archaic 
form  whence  the  Sauropsida,  or  any  considerable  section  of  them,  were 
also  derived.  Bat  this  tooth  if  not  derived  from  a  non-mammalian 
animal,  must  either  have  been  derived  from  some  one  amongst  the 

*  See  Owen's  'Descripiiye  and  Illustrated  Cataloj^ie  of  the  Fossil  Reptili*  of 
South  Africa  in  the  British  Museum,*  1876,  p.  15. 
t  'Zool  800.  Proc./  1880,  p.  658. 
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earliest  mammalB  which  first  had  teeth  of  the  mammalian  type,  or 
have  arisen  independently. 

Let  ns  first  briefly  consider  the  former  altematiye  ;  snch  a  mam- 
malian ancestor  must,  on  the  generally  received  doctrine  of  evolution, 
have  had  its  general  organisation  like  that  of  an  existing  Monotreme,  or 
have  been  formed  on  a  yet  lower  type.  In  either  case  if  all  mammals 
famished  with  grinding  teeth  have  also  proceeded  from  snch  early 
root  form,  it  is  remarkable  that  none  of  its  descendants  save  the 
Monotremes  have  inherited  those  skeletal,  cerebral  and  genito-nrinary 
peculiarities  which  characterise  the  Omithodelphia,  and  which,  on 
this  hypothesis,  must  also  have  been  possessed  by  the  various 
ancestors  of  the  different  orders  of  non-monotrematous  mammals.  In 
that  case,  the  creatures  which  came  to  form  all  these  orders  mnst 
have  simultaneously  and  persistently  varied  in  a  single  direction, 
Iresulting  in  that  one  very  definite  form  of  organisation  which  is  com- 
mon to  the  placental  and  marsapial  mammals.  But  this  will 
probably  be  considered  an  all  but  utterly  inadmissible  supposition. 

If,  however,  the  Ornithorhynchus  tooth  arose  in  some  much  less 
primitive  mammal,  one  which  was  previously  edentulous  or  had  but 
Sauropsidan  teeth,  and  therefore  was  not  also  the  progenitor  of  all  the 
other  mammals  with  grinding  teeth,  then  such  teeth  must  have  twice 
arisen  independently,  and  there  seems,  on  this  view,  no  veason  to 
repudiate  the  other  alternative,  namely,  that  the  Ornithorhynchus 
teeth  might  have  arisen  independently,  in  relatively  modern  times,  in 
what  may  have  been  no  very  remote  ancestor  of  the  Omithorhynchns 
itself.  In  that  case,  however,  the  wonder  remains  that  the  Mono- 
tremes should  have  retained  so  many  Sauropsida-like  features  which 
all  other  mammals  have  entirely  lost. 

The  question  then  presents  itself,  is  it  possible  that  the  Mono- 
tremes may  be  instances  of  degradation ;  that  they  inherit  their  teeth 
from  early  but  ordinary  toothed  mammals,  while  their  shoulder- 
structare,  rudimentary  corpus  callosum,  and  genito-urinary  peculiar- 
ities are  due  to  degradation  and  reversion  P  It  is  now  considered 
by  Bome  naturalists  that  the  Amphioxus  and  the  Tunicates  are 
extremely  degraded  Vertebrates. 

When  we  recall  to  mind  such  instances  amongst  the  Invertebrata  as 
Lertieocera  and  Bacculina^  any  amount  of  degradation  seems  possible. 
As  to  the  corpas  callosum,  considerable  difierences  exist  amongst  the 
Placentalia,  and  it  is  diflScult  to  see  why  it  might  not  sometimes 
shrink  as  well  as  augment,  and  we  must  admit  that  the  optic  chiasma 
has  disappeared  in  Teleostean  fishes,  if  they  had,  as  would  be  generally 
admitted,  either  Granoid-like  or  Elasmobranch-like  ancestors.  A  cloaca 
is  absent  in  mammals  which  are  not  Monotremes,  yet  such  a  structure, 
though  very  shallow,  has  reappeared  in  Rodents  and  Edentates 
(Beaver  and  Sloth).     The  penis  is  strangely  modified,  but  the  pro« 
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duction  of  the  month  of  the  cloaca  of  the  female  eft,  Euproctus^  into 
an  intromittent  organ  is  ahio  startling,  and  even  amongst  mammals, 
the  female  of  the  spotted  hynna  with  its  enormous  clitoris,  perforated 
hy  the  arethra,  is  wonderf ally  different  from  that  of  the  striped  hjSBna, 
otherwise  so  nearly  resembling  it  in  strnctnre.  The  disconnexion 
of  the  nreters  with  the  bladder  is  a  very  important  difference, 
certainly,  bnt  even  in  placental  mam  mala  those  dncts  shift  their 
position  greatly,  as  may  be  seen  if  we  compare  Sorex  with 
Hyrax, 

Moreover,  it  most  be  admitted  that  if  the  Monotremes  had  remote 
Sanropsidan  ancestors  (as  can  hardly,  I  think,  now  be  questioned) 
then  more  or  less  of  epicoracoids,  interclavicles,  &o,,  mnst  have  been 
*'  in  their  blood,''  so  that  reversion  is  conceivable.  Nevertheless, 
I  am  far  from  believing  that  such  a  reversion  has  actually  taken 
place.  Granted  that  degradation  frequently  occurs,  yet  it  would 
hardly,  I  think,  get  so  completely  on  the  old  lines  again.  There 
is,  however,  I  venture  to  believe,  another  less  improbable  hypo- 
thesis which  I  will  now  venture  to  suggest.  It  is  the  hypothesis 
that  the  Monotremes  come  from  a  radically  distinct  stock  from  that 
whence  all  other  mammals  proceeded;  that  the  Monotremes  are 
an  example  of  hypothetical  higher  mammals  in  the  making,  the 
future  eyolution  of  which  may  probably  be  hindered  by  man's 
presence,  but  which,  did  they  appear,  would  produce  mammalian 
forms  more  or  less  parallel  to  but,  of  course,  radically  distinct 
from,  the  placental  and  marsupial  series  of  mammals.  The  latter 
series  of  mammals — the  superior  mammals — may  still  be  supposed  to 
have  arisen  from  Amphibia- like  root  forms,  according  to  the  position 
defended  by  Professor  Huxley,  for  which  I  think  there  is  a  great 
deal  to  be  said.  The  Monotremes,  or  inferior  mammals,  on  the  other 
hand,  must,  I  think,  be  supposed  to  be  derived  from  Sauropsidan 
ancestors,  and  according  to  this  view  the  resemblances  which  exist 
between  these  higher  and  lower  kinds  of  mammals,  including  tooth 
structure,  will  be  induced  resemblances — the  two  groups  having 
grown  alike  through  the  independent  origin  of  similar  structures. 

What  evidence  is  there  that  the  Amphioams  is  a  degraded  animal  P 
What  principle  of  evolution  need  hinder  us  from  regarding  it  as  a 
possible  parent  of  another  line  of  Vertebrates  profoundly  different 
from  the  Vertebrates  which  have  come  into  being  P  Each  of  these 
suppositions  is  alike  hypothetical,  and  a  number  of  similar  dilemmas 
may  be  suggested  in  cases  more  or  less  parallel. 

With  regard  to  the  Monotremes,  however,  we  have  a  very  solid 
reason  for  regarding  them  as  mammals  which  have  arisen  from  another 
root  from  the  higher  (placental  and  marsupial)  Mammalia,  namely, 
the  fundamental  difference  which,  according  to  Professor  Gegenbanr, 
exists  between  their  mammary  glands  and  the  mammary  glands  of 
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other  mammals,*  the  one  being  formed  from  modified  sweat  glands, 
and  the  other  from  sebaceous  follicles.  If  this  distinction  is  foand  to 
hold  good  thronghoat  the  class,  it  seems  to  me  difficult  to  think  that 
the  Mammalia  had  not  this  dual  origin — an  hypothesis  which  har^ 
monises  so  well  with  the  differences,  skeletal,  genito-orinarj,  and 
developmental,  which  divide  these  two  groups  of  mammals. 

On  this  view,  the  teeth  of  the  toothed  Ornithorhjnohos  ancestor 
mnst  have  arisen .  for  the  first  time  in  a  form  more  reptilian  than  is 
the  form  of  our  living  Monotremes,  yet  sufficiently  divergent  from 
the  Sauropsidan  main  stem  to  explain  the  non-existence  of  teeth  of 
the  kind  in  any  known  Sauropsidan,  living  or  fossil. 

To   this    hypothesis   it  will    probably    be  at  once  objected,  that 
Mr.  Caldwell'sf  studies  of  the  mammalian  ova  show  a  noteworthy 
resemblance  between  those  of  the  Marsupials  and  Monotremes.     But 
if  the  Marsupials  are  an  offshoot  from  the  placental  mammals,  then 
such  resemblances  as  exist  between  them  and  Monotremes  in  this 
respect  must  be  induced  resemblances.     Moreover,  certain  very  note* 
worthy  resemblances  exist  between  the  ova  of  those  exceptional 
Amphibians,  the  Ophiomarpha,  and   Sauropsidan  ova.J     It  may  be 
objected  in  the  second  place  that  the  dual  hypothesis  implies  the 
independent  origin  of  too  many  similar  structures.     But  the  inde- 
pendent origin  of  similar  structures  is  a  doctrine  for  which  I  have 
combated  ever  since  the  year  1869.     I  say  "  similar,"  not  **  identical." 
No  two  leaves  in  a  forest  are  absolutely  alike  ;  how  then  could  absolute 
resemblance  be  thought  possible  between  two  structures  of  different 
origin  Y     Yet  the  closeness  of  resemblauces  between  parts  which  must 
have  arisen  diversely  is  often  remarkable.     The  Marsupials  are  now 
regarded  as  having  diverged  from  the  mammalian  stem  by  some  single 
remote  ancestor.     Yet  amongst  its  descendants  have  arisen  animals 
some  of  the  teeth  of  which  strikingly  resemble  some  of  the  teeth  of 
beasts  of  the  placental  series.     Some  teeth  of  Perameles  and   UrO' 
trichuSf   of  Macropus  and  MacroscelideSf  of  Thyladniis  and  of  Canis, 
may  be  cited  as  examples ;  and  though  the  histological  difference  of 
the  extension  of  dentinal  tubes  into  the  enamel  generally  obtains  in 
the  Marsupials,  yet  it  is  more  marked  in  the  Kaogaroos,  which  are 
the  most  differentiated  forms,  while  such  tubes  almost  or  quite  vanish 
in  the  DasyuridfBf  which  more  nearly  resemble  ordinary  mammals. 
But  the  most  striking  similarity  of  tooth  structure  is  that  between 
Orycieropus  and  Myliobates — a  similarity  which  extends  over  the  micro- 
Boopio  characters.     Again,  it  woxdd  be  difficult  to  find  a  more  curious 
practical  resemblance  than  that  between  the  hinge  teeth  of  Lophius,  the 

•  See  his  '  Zor  Kenntniss  der  Mammarorgsne  der  Honotremen/  1886. 
t  *  Phil.  TraM./  B,  vol.  178  (1887)  p.  463. 

X  See  the  account  of  the  ova  of  Ichthyophi*  glutino»m8  in  C.  and  P.  Sarasin's 
'  Ergebnisse  NaturwiM  Fordchungen  auf  Cejlon,'  toL  2, 1887,  p.  11* 
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,Pike,  and  certain  fishes  jet  nndescribed.  The  poison  fangs  of  Serpents 
have  also  arisen  independently,  as  is  certain  when  we  compare  the  fang  of 
Atractaspis  with  that  of  Vipera ;  quite  independentlj  also  have  arisen 
the  poison  teeth  of  Heloderma,  The  scrotum  of  placentals  and  the 
singularly  placed  scrotum  of  marsupials  (so  difficult  to  explain  either 
by  "  natural ''  or  **  sexual "  selection)  must  also  have  had  a  dual 
origin,  as  the  prehensile  pes  of  Didelphys  and  of  the  Apes  has  also 
doubtless  had.  For  my  own  part  I  am  still  disposed  to  maintain  the 
probability,  which  I  long  ago  asserted,  of  the  independent  origin  of 
the  StmiadcB  and  the  CebickBf  and  now  Professor  Cope  brings  forward* 
noteworthy  reasons  for  believing  that  the  Horse  of  America  and  the 
Horse  of  Europe  have  had  a  widely  distinct  ancestry,  and  have  grown 
alike  from  two  distinct  lines  of  descent.  Finally  I  would  refer  to  the 
similar  forms  of  placenfca,  both  umbilical  and  allantoic,  which  seem  to 
have  arisen  independently,  as  also  have  the  mammaiy  glands  of  Mono- 
tremes  and  other  mammals.  Any  one  who  is  disposed  to  think  in* 
credible  the  independent  origin  of  a  mammalian  molar  in  a  diverging 
offshoot  from  the  Sauropsidan  tree,  I  would  ask  to  bear  in  mind 
the  multitude  of  origins  which  we  mnst  regard  as  independent, 
and  often  as  quite  geologically  modem.  Among  them  I  would 
enumerate  the  dentition  of  Desmodusj  DiphyUaf  and  Ohe%ramy$j  and 
especially  the  very  remarkable  multicuspidate  canines  of  a  Pteropine 
bat  (Fteralopex  atrafa)  recently  describedf  by  Mr.  Oldfield  Thomas. 
What  again  can  be  more  singular  than  the  wonderful  dental  diver- 
gence between  the  Narwball  and  the  Beluga,  otherwise  so  extremely 
alike  in  structure  ?  The  poison  teeth  and,  as  we  shall  soon  learn,  the 
poison  gland  and  ducts  of  Heloderma^  before  referred  to,  are  also  most 
noteworthy.  Again,  what  is  more  startling  than  to  find  the  respiratory 
tail  of  the  young  Hylodes  and  the  respiratory  ventral  folds  of  Bana 
opi8thodon?X  The  tip  of  the  snout  of  the  young  of  this  animal 
reminds  us  of  the  beak  of  the  unhatched  chick,  though  there  can  be 
doubt  but  that  these  structures  have  arisen  independently.  The 
development  of  this  Batracbian  recalls  to  mind  the  similarity  of  con- 
dition of  the  Axolotl,  the  larvsB  of  Triton  alpestris^  and  the  so-called 
Perennibranchiate  Batrachians,  all  of  which  seem  to  have  acquired  a 
normal  or  permanent  condition  of  life  resembling  that  of  immature 
stages  in  the  existence  of  their  several  ancestors. 

Mr.  Boulenger  has  been  kind  enough  to  inform  me  of  another  case 
of  the  sudden  ori^n  of  a  new  character — probably  a  reversion — which 
he  has  noticed  in  a  Lizard,  a  species  of  Oymnophthalmve.  Here  nor- 
mally the  tail  is  clothed  with  scales,  quincuncialiy  disposed,  as  in  the 

*  See  '  4-merican  NatnraliBt  *  for  December,  1887. 
+  See  '  Ann.  Mag.  Nat.  Hist.,'  vol.  1,  1888,  p.  155. 

X  See  Mr.  Boulenger's  paper  on  the  reptiles  and  batrachians  of  the  Solon^on 
JsJands,  '  Zool.  3oc.  Trans.,'  vol.  12,  p.  51  < 
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Soincs.  When  the  tail  has  been  broken,  how&ver,  it  is  reprodnced  with 
an  investment  o£  scales  arran^d  in  a  verticillate  manner — a  change 
which  shows  how  small  is  the  real  valae  of  a  difPerence  which  has 
been  deemed  by  morphologists  to  be  so  important  a  taxonomic  character. 
And  here  I  would  venture  to  make  another  observation  bearing  upon 
taxonomy.  The  study  of  the  processes  of  individual  development  are 
of  course  of  great  importance  in  determining  the  nature  of  the  adult 
animal.  Nevertheless  that  importance  may  be  exaggerated.  Han  a 
opisthodon  is  no  less  a  Bana  because  it  is  never  a  Tadpole.  The  out- 
come of  the  process  of  development  is  surely  as  important  as  the 
process  itself.  Similarly  with  respect  to  the  evolution  of  species,  the 
lines  of  descent  are  of  the  highest  interest,  but  if  Professor  Cope  is  right 
as  to  the  diverse  ancestry  of  the  oriental  and  occidental  Equvs,  then 
surely  its  importance  may  be  exaggerated  also.  The  genus  Equus  is 
|io  less  one  geuus  for  having  arrived  at  maturity  along  two  distinct 
^routes.  It  seems  to  me  probable  that  various  other  natural  groups, 
which  are  commonly  regarded,  and  I  think  truly  regarded,  as  natural 
unities,  have  become  one  from  various  sources.  Should  this  view 
))eoome  generally  recognised,,  it  seems  to  me  that  the  idea  of  the  tree 
of  life  will  not  serve  as  a  basis  of  a  really  satisfactory  system  of  dassi- 
^cation.  Certainly  no  system  could  be  regarded  as  satisfactory  or 
liatural  which  placed  in  widely  different  groups  the  two  kinds  of  Horse 
referred  to,  .      . 

In  concluding,  I  beg  leave  to  repeat  my  assertion,  that  all  the  teeth 
of  the  Omithorhynchus  are  unh'ke  any  known  Sauropsidan  teeth,  while 
nevertheless  the  totality  of  the  structure  of  Monotremes,  and  especially 
the  nature  of  their  mammary  gland,  lend  support  to  the  hypothesis 
that  they  have  become  mammals  along  a  different  road  from  that 
which  the  higher  Mammalia  have  travelled,  and  that  they  gained  their 
teeth  by  the  way,  after  they  had  separated  off  from  the  main  Reptilian 
atem.  This  difference  of  origin  nevertheless  constitutes  in  my  eyes  no 
reason  whatever  for  not  regarding  Monotremes  and  higher  Mammals 
jas  being  all  true  members  of  the  one  class  Mammalia. 


Presents,  February  16, 1888. 
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.    Kiel: — Universitat.      Inaugural-Dissertationen,   <&c.,    1887.      8vo. 

and  4to.  Kiel,  The  University. 

London: — Institution    of     Mechanical    Engineers.       Proceedings. 

•  1887«    No.  4.     8vo.  London.  The  Institatiou. 


380  FttBents.  [Feb.  16, 

Transactions  {continued). 

London  Mathematical  Society.    Proceedings.    Vol.  XIX.     Nos. 

305-7.    8yo.  London  1887.  The  Society. 

Odontological  Society  of  Great  Britain,   Transactions.  Vol.  XX. 

No.  3.     8yo.  London  1888.  The  Society. 

Royal  Institute  of  British  Architects.    Jonmal  of  Proceedings. 

Vol.  lY.    No.  7.    4to.  London  1887.  The  Institute. 

Society  of  Antiquaries.     Proceedings.    Vol.  XI.    No.  4.     8vo. 

London  1887.  The  Society. 

Louvain: — University     Gatholique.       Annuaire,     1888.        12mo. 

Louvcdn;     Theses    de    la    Faculty    de    Th^logie,    1886-87. 

8to.  Lowvain,  The  Uniyersity. 

lilontpellier : — Academic    des    Sciences    et    Lettres.       M^moires. 

(Section  des  Lettres.)    Tome  YIII.    Fasc.  1.    4to.  MontpeUier 

1887;  Ditto  (Section  des  Sciences).    Tome  XI.    Fasc.  1.    4to. 

MontpeUier  1887.  The  Academy. 

New  York: — American  G^graphioal  Society.  Bulletin.  Vol.  XIX. 

No.  4.    8vo.  New  York  1887.  The  Society. 

Paris : — Soci6t6  G6ologique  de  France.  Bulletin.  S£r.  3.  Tome  XV. 

Nos.  6-8.     8vo.  FarU  1887.  The  Society. 

Rostock: — Universitat.    Inaugural-Dissertationen,  d^).,  1887.    8vo. 

and  4to.  Bostocky  8fc  The  University. 

Toronto: — Canadian  Institute.      Proceedings.     Vol.  V,     Fasc.  1. 

8vo.  Toronto  1887.  The  Institute. 

Washington: — Surgeon-General's  Office.     Index-Catalogue  of  the 

Library.     Vol.  VIII.     Lar.  8vo.  Washington  1887. 

The  Office. 


Observations  and  Reports. 
Calcutta : — Meteorological  Observations  made  at   Six  Stations  in 

India.     Aagust,  1887.     Folio  [Calcutta], 

The  Meteorological  Office,  India. 
Dorpat : — Observatory.     Meteorologische  Beobaohtungen.     Juni — 

September,  1887.     Svo.  Dorpat.  The  Observatory. 

Dublin: — Dansink  Observatory.     Astronomical  Observations  and 

Researches.     Part  6.     4to.  Luhlin  1887.         The  Observatory. 
India: — Great    Trigonometrical   Survey  of    India.      Synopsis  of 

Results.     Vol.  VIIa.     4to.  Dehra  Dun  1887.  The  Survey. 

Kew: — Royal    Gardens.      Bulletin  of  Miscellaneous  Information. 

No.  14.     8vo.  London  1887.  The  Director. 

Milan: — Osservatorio  di  Brera.      Pubblicazioni.      No.   30.     4to. 

Milano  1887.  The  Observatory. 

Paris : — Bureau  des  Longitudes.    Annuaire  pour  TAn  1888.    12mo. 

Faris,  The  Bureau,, 
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Observaidons,  &o.  (eontinued). 

Service  Hydrographique  de  la  Marine.  Annales  Hydrog^phiqaes. 
No.  696.    Svo.  Fart8  1887 ;  Fifteen  Charts,  1887. 

D6pdt  de  la  Marine. 

StonyliDrsfc : — College  Observatory.    Kesnlts  of  Observations,  1886. 

Svo.  Market  Weighton  1887.  The  Rev.  S.  J.  Perry,  F.R.S. 

Sydney: — Australian  Maseum.     Report,  1886,  with  Supplement. 

Folio.  Sydney  1SS7,  The  Trustees. 

Observatory.     Results  of  Rain  and  River  Observations  made  in 

New  South  Wales  and  part  of  Queensland,  1886.     By  H.  G. 

Russell.     8vo.  Sydney  1887.  The  Observatory. 

Taonbaya : — Observatorio  Astrondmico  Nacional.     Anuario.    1888. 

12mo.  Mexico  1887.  The  Observatory. 

Toronto: — Meteorological   Service   of   the  Dominion  of   Canada. 

Report.     1884.     8vo.  Ottawa  1887.  The  Superintendent. 

Washington: — Bureau  of  Navigation.     The  American  Ephemeria 

and  Nautical  Almanac  for  1884.     8vo.  Washington. 

The  Bureau. 


Journals. 

Arohiteots'  Register  (The)  Vol.  IL    8vo.  London  1887. 

The  Editor. 
Canadian  Record  of  Science.  Vol.  III.  No.  1.  8vo.  Montreal  1888. 

The  Natural  History  Society  of  Montreal. 

Fisherman's  Nautical  Almanac  (The)  for  1888.    By  0.  T.  Olsen. 

Svo.  Qreat  Qrimsby,  Mr.  Olsen. 

Horological  Journal.    Vol.  XXX.     No.  364.    Svo.  London  1888. 

The  British  Horological  Institute. 

Mittheilungen  aus  der  Zoologischen  Station  zu  Neapel.     Bd.  VII. 

Hefte  3-4.     Svo.  Berlin  1887.  Dr.  Dohm. 

Naturalist  (The)  No.  151.     Svo.  London  1888.  The  Editors. 

Nederlandsch  Kruidkundig  Archief.     Ser,  2.     Deel  V.     Stuk  1. 

Svo.  Nijraegen  1887.  The  Netherlands  Legation. 

Revista  do  Observatorio.    Anno  2.    Num.  12.     Svo.  Eio  de  Janeiro 

1887.  The  Imperial  Observatory,  Rio  de  Janeiro. 

Victorian  Year-Book  for  1885-86.     Svo.  Melbourne  1886. 

The  Government  Statist  of  Victoria. 
Y9ung  Scientist  (The)  Vol.  I.    No.  4.    Svo.  London  1888. 

The  Editor. 
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Fehruary2B,  1888. 

Mr.  JOHN  EVANS,  D.C.L.,  Treasurer  and  Vice-President,  in  the 

Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 


I.  "  On  the  Relation  between  the  Structure,  Function,  and 
Distribution  of  the  Cranial  Nerves.  Preliminary  Commu- 
nication." By  W.  H.  Gaskell,  M.D.,  F.KS.  Beceived 
February  9,  1888. 

In  a  previous  paper*  I  have  pointed  out  that  the  stractnre,  distribu- 
tion, and  function  of  the  spinal  nerves,  as  well  as  the  arrangement  of 
their  centres  of  origin  in  the  spinal  cord,  all  lead  to  the  conclusion 
that  these  nerves  are  divisible  into  two  parts;  (1)  a  somatic  part, 
supplying  the  external  surface  of  the  body  and  the  muscles  derived 
from  the  muscle  plates,  and  (2)  a  splanchnic  part,  supplying  the 
internal  surfaces  and  organs  and  the  muscles  derived  from  the  lateral 
plates  of  mesoblast. 

I  also  pointed  out  that  the  cranial  nerves  were  built  up  on  a  similar 
plan  and  arose  irom.  similar  centres  of  origin  to  the  spinal  nerves ; 
that  they  too  were  divisible  into  somatic  and  splanchnic  groups  of  the 
same  type  as  in  the  spinal  nerves. 

In  that  paper  I  dealt  especially  with  efferent  nerves,  and  pointed 
out  that  the  somatic  efferent  nerves  are  non-ganglionated,  and  pass 
from  the  nerve  cells  of  the  anterior  horn  direct  to  the  muscles  derived 
from  the  muscle  plates ;  on  the  other  hand,  the  splanchnic  efferent 
nerves  are  divisible  into  a  ganglionated  and  a  non-ganglionated  group, 
of  which  the  non-ganglionated  motor  nerves  arise  from  a  lateral  group 
of  nerve  cells  forming  part  of  the  lateral  bom,  which  are  continued 
cranialwards  as  the  separate  nuclei  of  such  nerves  as  the  facial,  dsc, 
and  pass  from  the  anterior  root  to  the  muscles  derived  from  the 
lateral  plates  of  mesoblast ;  while  the  ganglionated  efferent  nerves 
arise  either  from  the  cells  of  Clarke's  column  or  from  those  of  the 
lateral  horn  or  from  both,  and  pass  to  the  so-called  sympathetic 

•  *  Joum.  of  PhytioL,'  voL  7,  p.  1. 
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ganglia   to  supply  the  muscles  of  the  yasculai*  system,  alimentary 
canal,  &c. 

The  ^bole  argument  in  that  paper  was  based  upon  the  structure 
and  distribution  of  the  nerves  of  anterior  roots,,  so  that  in  speaking  of 
the  sympathetic  ganglia  as  ganglia  of  a  splanchnic  root,  all  the 
evidence  for  vasomotor  nerves,  <&c.,  went  to  show  that  these  ganglia 
might  be  considered  as  belonging  to  anterior  (efEerent)  roots  rather 
than  to  posterior  (afferent)  roots. 

Again  0 nodi's  observations  that  such  ganglia  are  offshoots  from 
the  spinal  ganglia  on  the  posterior  root  do  not  militate  against  the 
motor  character  of  these  ganglia,  since  in  the  lower  animals  and  in 
the  first  two  cervical  nerves  of  the  higher  animals  both  anterior  and 
posterior  roots  pass  into  the  spinal  ganglion,  so  that  there  is  no 
difficulty  in  imagining  that  as  the  motor  portion  of  the  original 
i^pinal  ganglion  travelled  away  from  its  parent  ganglion  mass,  the 
motor  or  efferent  nerves  would  no  longer  pass  into  the  spinal  ganglion 
but  would  pass  free  from  it,  being  connected  only  with  the  separated 
yagrant  portions  of  the  original  ganglion,  i.e.,  with  the  sympathetic 
system. 

There  is  in  fact  no  evidence  to  show  that  the  anterior  and  posterior 
roots  are  not  truly  efferent  and  afferent,  and  there  is  also  no  evidence 
to  show  that  the  afferent  ganglia  have  travelled  away  from  their 
original  situation  in  the  same  way  as  the  efferent  ganglia.  We  may 
therefore  consider  the  ganglia  of  the  afferent  spinal  nerves,  both 
somatic  and  splanchnic,  as  stationary  in  position,  and  as  forming  the 
root  ganglia  of  the  various  nerves,  while  the  ganglia  of  the  efferent 
spinal  nerves  are  vagrant ,  and  form  the  8o*called  sympathetic 
system. 

A  complete  segmental  spinal  nerve  is  then  composed  of  (1)  anterior 
root  with  vagrant  ganglion;  (2)  posterior  root  with  stationary 
ganglion. 

The  anterior  root  again  is  divisible  into  two  parts ;  (1)  a  larg^- 
fibred  medullat«d,  and  (2)  a  small-fibred  medullated  part,  of 
which  the  latter  only  is  in  connexion  with  the  ganglia  of  this  root ; 
the  non-medullated  fibres  being  these  splanchnic  gangjionated 
fibres  which  have  lost  their  medullary  sheath  in  one  or  other  of  the 
ganglia. 

If  the  cranial  nerves  are  built  up  on  the  same  type  as  the  spinal 
nerves,  it  follows  that  in  them  too  we  must  have  (1)  an  anterior  root 
and  (2)  a  posterior  root,  with  a  root  ganglion  stationary  in  position 
close  to  the  exit  of  the  nerves  from  the  central  nervous  system  into 
which  both  anterior  and  posterior  roots  may  or  may  not  pass ;  also 
the  anterior  root  must  consist  of  a  small-fibred  ganglionated  portion 
and  a  large-fibred  non-ganglionated  portion,  the  ganglion  on  the 
anterior  root  being  in  all  probability  yagrant  and  not  stationary. 
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In  order  to  see  how  for  the  cranial  nerves  conform  to  the  same  type 
as  the  spinal  nerves,  I  will  consider  their  strnctore  and  distribution 
seriatim,  leaving  ont  of  consideration  for  the  present  the  olfactory, 
the  optic,  and  also,  for*reasons  to  be  mentioned,  the  anditory  nerves. 

Beginning  then  with  the  Ilird  or  ocnlo-motor  nerve,  we  are  dealing 
with  a  nerve  whose  function  at  the  present  time  is  purely  motor,  a 
nerve  therefore  which  is  ordinarily  spoken  of  as  representing  an 
aDterior  root ;  in  this  nerve  we  find  indications  of  a  largfe-fibred  and  a 
small-fibred  part.  Tracing  up  these  fibres  outwards  to  their  destina- 
tion it  is  seen  that  the  large  fibres  pass  off  to  supply  the  eye  muscles 
supplied  by  this  nerve,  while  most  of  the  small  fibres  separate  out 
from  the  large  fibres  and  pass  directly  into  the  ganglion  ocalo-motorii. 
This  ganglion,  which  is  in  the  main  formed  by  these  small  medullated 
fibres  of  the  Illrd  nerve,  i.e.,  radix  brevis,  is  increased  in  size  by  the 
addition  of  ganglion  cells  formed  on  the  radix  longa  from  the 
trigeminal,  and  others  in  connexion  with  sympathetic  fibres ;  the 
fibres  in  the  ganglion  are  all  of  small  size,  and  the  short  ciliary  nerves 
which  arise  from  it  have  not  a  single  large  fibre  among  them.  The 
nerve  fibres  of  the  short  ciliary  nerves  are  almost  all  medullated,  and 
according  to  most  observers  (Bidder  and  Yolkman)  are  more 
numerous  than  those  entering  the  ganglion,  so  that  in  this  case  these 
small  nerve  fibres  which  are  motor  to  the  ciliaiy  and  splanchnic  muscles 
do  not  lose  their  medullary  sheath  in  their  passage  through  the 
ganglion,  a  peculiarity  which  distingoishes  them  from  the  motor 
nerves  of  the  vascular  system,  and  is  suggestive  in  connexion  with  the 
fact  that  these  muscles  though  unstriped  in  structure  are  to  a  certain 
extent  voluntary  in  action. 

Also  the  nerve  cells  of  this  ganglion  are  distinctly  of  two  kinds, 
most  of  them  unipolar,  of  the  same  type  as  those  of  a  spinal  ganglion, 
the  minority  multipolar  of  the  type  of  the  so-called  sympathetic 
ganglion  cells :  this  also  suggests  thai  this  difference  in  the  type  of 
nerve  cell  is  associated  with  the  presence  or  absence  of  a  medullary 
sheath  in  the  nerves  issuing  from  the  ganglion,  and  does  not 
necessarily  imply  that  these  unipolar  cells  are  connected  with 
posterior  root  fibres,  and  that  therefore,  as  has  been  supposed,  this 
ganglion  is  the  root  ganglion  of  the  oculo-motor  nerve. 

We  see  then  clearly  that  the  oculo-motor  ganglion  is  the  ganglion  of 
these  small-fibred  efferent  nerves  of  the  Illrd  nerve. 

The  Illrd  nerve  then  conforms  in  its  structure,  and  in  the  vagrant 
character  of  its  motor  ganglion,  to  the  plan  of  a  spinal  nerve  as  far  as 
its  anterior  root  is  concerned.  Whei'c  then  is  its  posterior  root  ?  If 
it  conforms  to  the  plan  laid  down,  the  gfanglion  on  the  posterior  root, 
i.e.,  its  root  ganglion,  ought  to  be  situated  on  the  nerve  near  its  exit 
from  the  central  nervous  system,  and  here,  in  fact,  I  have  found  it  in 
the  nerves  of  man  and  sheep.    I  have  made  a  series  of  consecutive 
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seciioDS  tbrongh  the  Tootlets  of  the  Ilird  nerve  of  man,  be|i^ning 
from  its  exit  out  of  the  brain  and  passing  peripheralwards,  and  have 
fonnd  that  in  the  different  rootlets  a  well-marked  gfanglion  is  formed 
in  the  same  way  as  any  spinal  gaDglion,  with,  however,  one  important 
difference;  the  nerve  cells  and  groups  of  nerve  cells  have  degenerated, 
bat  their  place  and  position  remain  conspiononsly  marked  out  with 
eharacteristioally  arranged  masses  of  peculiar  neuroglia- like  con- 
nective tissue  substance.  So  striking  is  the  resemblance  to  a  spinal 
ganglion,  that  with  a  low  power  it  is  difficult  at  first  sight  to  believe 
that  it  is  not  a  section  of  a  functional  ganglion  which  is  exposed  to 
view. 

These  degenerated  ganglia  are  limited  to  a  definite  portion  of  each 
nerve  rootlet  just  as  in  a  spinal  ganglion ;  centralwards  of  the  gang- 
lion the  degenerated  tissue  can  be  traced  as  a  strand  of  the  same 
peculiar  neuroglia-like  connective  tissue  into  the  brain;  peripheral* 
wards  of  the  ganglion  all  trace  of  altered  nerve  tissue  or  ganglion 
cells  has  disappeared. 

Here  then  we  have  what  appears  to  me  without  doubt  to  be  the 
phylogenetically  degenerated  posterior  root  and  root  ganglion  of  the 
Ilird  nerve ;  so  that  in  its  posterior  root,  and  in  the  situation  of  its 
root  ganglion,  it  conforms  also  to  the  plan  of  a  complete  spinal  nerve. 

In  the  IVth  nerve  I  find  the  same  structure,  an  anterior  root  com- 
posed of  a  large-fibred  portion  and  a  small  small-fibred  portion  ;  the 
destiny  of  this  latter,  and  its  connexion  with  any  vagrant  motor 
ganglion,  I  have  not  yet  had  time  to  trace  out. 

Soon  after  the  IVth  nerve  leaves  the  valve  of  Vieussens,  it  forms 
upon  it  a  conspicuous  spinal  ganglion  of  the  same  chai*acter  as  those 
on  the  rootlets  of  the  Ilird  nerve,  the  cells  of  which  are  all  de- 
generated, and  the  degenerated  posterior  root  fibres  are  conspicuous 
between  the  brain  and  this  ganglion,  but  cease  peripheralwards  of 
the  ganglion. 

In  the  y Ith  nerve  the  small-fibred  part  of  the  anterior  root  is  much 
more  doubtful  than  in  the  case  of  the  two  preceding  nerves  ;  so,  too, 
with  the  posterior  root,  its  ganglion  is  limited  to  a  few  degenerated 
nerve  cells,  and  is  nothing  like  so  conspicuous  as  in  the  case  of  the 
Ilird  and  IVth  nerves. 

In  the  so-called  motor  root  of  the  Vth  nerve  we  see  again  distinct 
groups  of  small  fibres  together  with  the  large  motor  fibres.  I  have 
not  yet  had  time  to  trace  out  these  small  fibres  to  their  respective 
motor  ganglia,  but  have  little  doubt  that  they  will  be  fonnd  to  bear 
the  same  relation  to  the  spheno-palatine  ganglion  as  those  of  the 
Ilird  nerve  do  to  the  ocnlo-motor  ganglion.  In  the  so-called  motor 
root  of  the  Vth  nerve  is  found  also  a  degenerated  posterior  root,  with 
its  ganglion  in  the  same  situation  and  of  the  same  character  as  in  the 
preceding  nerves. 
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The  so*t;alled  motor  root  of  the  Y th  nerve  ia  therefore  a'  .complete 
nerve  belonging  to  the  same  group  as  the  Ilird,  lYth,  and  Ylthy  and 
does  not  require  the  eeusorj  portion  of  the  Yth  to  make  it  resemble 
a  spinal  nerve. 

Leaving  aside  for  the  moment  the  consideration  of  the  sensory  part 
of  the  Yth  nerve  we  come  to  the  Yllth  nerve;  here  we  find  the 
anterior  root  manifestly  composed  of  a  large-fibred  and  a  small* 
fibred  portion,  the  latter  being  derived  mainly  from  the  n.  inter* 
mediusj  though  some  of  the  fibres  are  in  the  roots  of  the  facial  itself. 
The  ganglion  genioulatnm  bears  the  same  relation  to  these  small 
fibres  as  the  ganglion  oculo-motorii  to  those  of  the  Ilird  nerve,  and 
ganglia  which  are  still  further  vagrant  are  seen  in  the  sabmazillary 
ganglion,  &o.  The  ganglion  of  its  posterior  root  is  found  in  the  root^ 
lets  of  the  facial  in  the  usual  position,  directly  after  their  exit  from 
the  brain,  and  in  man  both  nerve  fibres  and  nerve  cells  are  degene^ 
rated  in  the  same  way  as  in  the  case  of  the  cranial  nerves  already 
considered. 

.  The  cranial  nerves  considered  up  to  thili  point  form  a  natural 
group  all  arranged  on  the  same  plan  with  a  ganglionated  and  non« 
ganglionated  anterior  root,  and  a  phylogenetically  degenerated 
posterior  root  and  ganglion. 

Passing  now  to  the  nerves  of  the  medulla  oblongata,  we  find 
another  group  with  different  characteristics.  Here  there  is  no  sign 
of  any  degenerated  posterior  roots  or  spinal  ganglion  ;  here  we  find 
not  degeneration  of  any  component  but  separation  of  the  component 
parts  of  a  spinal  nerve,  so  that  the  separate  nerves  no  longer,  as  in 
the  previous  cases,  represent  each  a  perfect  nerve.  Thus  in  the  IXth,- 
Xth,  Xltb,  and  Xlltb  nerves  of  man  at  all  events,  the  somatic  por- 
tions of  the  posterior  roots  are  absent  in  the  nerves  themselves  with 
the  exception  of  the  auricular  branch  of  the  vagus,  but  clearly  ai'O 
not  absent  in  reality,  for  the  structure  of  the  medulla  oblongfata  shows 
that  they  have  become  diverted  from  these  nerves  to  help  form  the 
sensory  part  of  the  Yth,  and  the  Gasserian  ganglion.  The  somatic 
motor  part  of  this  gnx)np  is  present,  not  as  forming  a  part  of  each 
nerve,  but  as  a  separate  nerve,  the  hypoglossal  or  Xllth  nerve,  the 
nucleus  of  origin  of  which  extends  along  the  whole  length  of  the 
medulla  oblongata.  The  ganglia  jugularia  of  the  IXth  and  Xth 
nerves  which  give  origin  in  the  Sauropsida  to  the  laryngo-pharyngeal 
nerve,  are  the  spinal  ganglia  of  the  splanchnic  portions  of  the 
posterior  roots  of  this  group,  while  the  ganglion  petrosum  of  IX,  and 
the  ganglion  trunci  vagi  (the  vagrant  chaitbcter  of  which  is  well 
shown  in  such  animals  as  the  crocodile)  are  the  motor  ganglia  of  the 
small- fibred  portions  of  the  anterior  roots  of  these  nerves.  Finally, 
the  non-ganglionated  splanchnic  large-fibred  motor  nerves  have  not 
separated  off  to  form  a  separate  nerve  like  the  XUth,  but  remain 
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the  motor  nerves  of  the  laiyngeal  and  pharyng^eal  mnsoles.  In  faot, 
the  IXth  and  Xth  nerves  with  the  medullary  part  of  XI  oontain  all 
the  splanchnic  elements  belonging  to  a  spinal  nerve,  or  rather  a  gronp 
of  spinal  nerves,  and  in  man  at  all  events  contain  none  of  the  somatic 
elements  (with  the  exception  of  the  anricnlar  branch  of  the  vagus), 
the  somatic  portions  being  represented  bj  the  hypoglossal,  and  a 
portion  of  the  sensory  root  of  the  trigeminal. 

Turning  our  attention  to  the  sensory  root  of  V,  we  see  no  sign  of 
any  degenerated  ganglion  or  degenerated  posterior  root;  it  clearly 
possesses  a  functional,  well-developed  spinal  ganglion,  the  Gasserian ; 
and  according  to  human  anatomists,  it  is  exclusively  derived  from 
the  ascending  root  of  the  Vth  nerve,  1.0.,  it  arises  in  close  connexion 
with  the  posterior  horn  along  the  whole  length  of  the  central  nervous 
system  comprised  between  its  point  of  exit  and  the  middle  of  the 
cervical  region  of  the  cord.  In  the  absence,  then,  of  any  signs  of 
degeneration  among  its  fibres,  combined  with  the  presence  of  a  dege- 
nerated posterior  root  ganglion  in  the  so-called  motor  root  of  V,  we 
may,  I  think,  fairly  conclude  from  the  peculiarity  of  its  origin  that  the 
sensory  part  of  V  and  the  GiMserian  ganglion  does  not  represent  the 
posterior  root  of  a  nerve  of  which  the  so-called  motor  part  of  Y  is 
the  anterior  root.  The  explanation  of  the  peculiarities  of  the  origin 
of  the  sensory  somatic  elements  of  the  ascending  root  of  V,  as  well  as 
of  the  corresponding  sensory  splanchnic  elements  of  the  ascending 
root  of  X  must  be  sought  for  in  the  explanation  of  the  presence  of 
the  degenerated  posterior  root  ganglia  of  the  Group  I  of  cranial 
nerves  already  mentioned. 

As  far  as  VIII  is  concerned,  it  will  suffice  at  present  to  say  that  it 
does  not  possess  an  undoubted  degenerated  ganglion,  that  part  of  it, 
at  all  events,  possesses  a  functional  spinal  ganglion,  and  that  it  is  a 
complex  nerve,  the  structure  of  which  requires  a  much  more  extensive 
investigation  than  I  have  as  yet  been  able  to  give  it. 

In  connexion  with  the  presence  of  these  degenerated  posterior 
roots  and  spinal  ganglia,  it  is  significant  that  in  the  region  of  the 
brain  from  which  these  roots  spring,  groups  of  strongly  pigmented 
cells  are  found,  the  reason  for  the  presence  of  which  is  unknown. 
Of  these  groups  the  cells  of  the  locus  coBruleus  are  in  structure  and 
position  clearly  the  termination  of  Clarke's  column,  and  are  therefore 
in  all  probability  connected  with  the  remnants  of  the  small*fibred 
ganglionated  efPerent  portions  of  some  of  the  nerves  of  this  group ; 
the  cells,  on  the  other  hand,  of  the  Substantia  nigra  are  in  apparent 
connexion  with  and  are  embedded  in  the  direct  continuation  of  the 
degenerated  posterior  root  fibres  of  the  IlIrd  nerve. 

To  sum  up,  then,  it  is  clear  that  apart  from  I,  II,  and  VIII,  the 
rest  of  the  cranial  nerves  are  built  up  on  the  same  type  as  the  spinal 
nerves,  and  that  their  peculiarities  are  such  as  to  divide  them  into 
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.two  gpronps,  vis.,  (1)  i^ose  whioli  arise*  from  ihe  mid-brain  and  hind^ 
brain,  f.6.,  Ill,  IV,  Vai,  YI,  VII,  all  of  wbich  are  at  present,  i.e.,  in 
man,  motor,  bat  possess  a  degenerated  posterior  root  and  ganglion-; 
*And  (2)  tbose  which  arise  from  the  med.  oblongata,  yiz^  IX,  X  (in 
part),  XI  (in  part),  XII,  Y«  (in  part),  which  are  characterised  not 
hj  the  Joss  of  anjr  component  part,  but  by  the  scattering  of  the  dif- 
fere9t  components ;  a  scattering  which  bears  an  intimate  connexion 
with  the  making  good  of  the  loss  of  the  seusorj  elements  of  Oronp  I. 

Finally,  certain  points  connected  with  the  question  of  the  segmental 
Talue  of  the  cranial  nerves  other  than  those  already  discnssed  are 
worthy  of  mention.  The  qnestion  of  the  segmental  arrangement  of 
any  nerves  may  as  far  as  their  distribution  is  concerned  be  considered 
in  a  twofold  light ;  Ist,  the  evidence  for  any  segmental  arrangement 
of  somatic  parts,  as,  for  instance,  of  somatic  muscles;  and  2nd, 
evidence  for  any  segpnental  arrangement  of  splanchnic  parts,  snch  as 
visceral  clefts  and  arches,  and  the  visceral  muscles  formed  firom  the 
walls  of  such  clefts. 

In  order  to  compare  cranial  nervep  with  spinal  nerves  we  must 
compare  structures  of  the  same  kind ;  if  the  segmental  arrangement 
is  based  in  the  one  case  on  the  formation  of  myotomes,  then  -we  must 
search  for  the  corresponding  myotomes  in  the  other,  if  on  visoeral 
avohes,  then  we  must  arg^e  upon  the  basis  of  visceral  arch  formation 
throughout.  Now,  van  Wijhe  has  pointed  out  that  the  cranial 
muscles  are  derived  from  two  groups  of  muscle  segments,  (1)  a  set 
of  myotomes  corresponding  to  the  segmented  muscle  plates  through- 
out the  animal  which  form  the  muscles  I  have  called  non-ganglionated 
somatic,  and  (2)  a  set  of  lateral  plates  of  mesoblast,  lining  the  walls 
of  the  different  visceral  and  branchial  cavities,  which  give  rise  to  the 
group  of  muscles  which  I  have  called  non-ganglionated  splanchnic. 
These  latter  muscles  are  unknown  segmentally  except  in  the  head, 
they  probably  form  in  the  trunk,  as  will  be  shown  immediately,  the 
diaphragm  and  transversns  abdominis  muscles. 

Now  van  Wijhe,  on  the  strength  of  his  embryological  researches, 
divides  the  head  of  the  Selachians  into  nine  segments,  with  the  follow- 
ing arrangement  of  muscles  and  nerve  supply. 
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From  which  we  see  that  if  we  look  npon  the  myotomes  as  repre- 
sentiiig  the  primitive  segmentation,  while  the  visceral  clefts  and 
mnaoles  from  the  lateral  plates  of  mesoblast  represent  the  secondary 
segmentation  (Branchiomerj),  the  4th,»5th,  and  6th  segments  are 
nnrepFBRented  by  any  mascles,  or  rather  the  4th  and  5th,  for  he 
notices  the  slight  mnscle  formation  in  the  6th  somite,  but  was  unable 
to  trace  any  special  mnscle  to  it. 

Kow  looking  at  these  two  groups  of  muscles,  the  splanchnic  and 
flomatio,  we  see  that  the  muscles  of  mastication  and  expression  differ 
im  structure,  oolonr,  nature  of  contraction,  and  general  appearance 
fipom  the  muscles  of  the  eye  and  the  somatic  muscles  generally,  with 
tlie  exception  of  the  specialised  tongue  muscles.  I  find  also  that  the 
motor  nerves  of  the  Ilird,  IVth,  and  YIth  nerves  are  in  the  dog  much 
lurger  in  calibre  than  those  of  the  facial  and  slightly  larger  than 
those  of  the  trigeminal,  the  eye  muscles  being  innervated  by  nerves 
of  the  same  size  as  the  large  motor  nerves  of  anterior  roots,  i.e.^  from 
14*4  /» — 18  fky  while  the  facial  muscles  are  innervated  by  nerves  of 
the  same  size  as  the  large  motor  nerves  of  the  vagus  and  glosso* 
pharyngeal  which  supply  the  pharyngeal  and  laryngeal  muscles, 
».6.,  from  9  /4 — 10*8  /t. 

Any  nerve  fibres,  therefora,  of  the  size  of  those  of  the  Vlth 
nerve,  for  instance,  would  be  very  conspicuous  and  easily  followed  if 
they  appeared  in  among  the  smaller  fibres  of  the  facial.  Such  is  the 
case ;  the  facial  roots  possess  a  group  of  large  fibres  of  the  size  of  the 
somatic  motor  nerves  in  among  the  smaller  fibres ;  a  series  of  sections 
through  the  facial  has  enabled  me  to  trace  one  group  of  these  large 
fibres,  and  it  is  a  beautiful  sight  to  see  them  separating  out  one  by 
one  to  come  to  the  edge  of  the  nerve,  and  finally  to  form  a  small 
nerve,  which  is  found  to  be  the  n,  stapedius.  The  rest  of  them  leave 
the  facial  nearer  its  exit  from  the  brain,  and  I  think  pass  out  as  the 
nerve  supplying  the  Leuator  veli  palati  muscle.  The  difficulty,  how- 
ever, of  combining  the  dissection  of  these  parts  with  the  necessary 
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fresh  Dess  and  freedom  from  damage  which  is  reqninite  to  enstire  a 
good  osmic  preparation,  has  prevented  me  up  to  the  present  from 
making  snre  of  this  latter  point. 

When  the  facial  leaves  the  stylo-mastoid  foramen  it  is  free  from 
these  large  fibres.  I  venture  to  suggest  that  the  stractnre  of  these 
two  muscles,  their  origins,  their  shape,  colour,  and  appearance, 
combined  with  the  size  of  their  motor  fibres,  all  lead  to  the  oonclnsion 
that  they  belong  to  the  same  group  as  the  somatic  eye  muscles,  and 
represent  van  Wijhe's  missing  4th  and  5th  myotomes.  Further,  we 
see  this,  that  if  the  splanchnic  voluntary  muscles  derived  from  the 
lateral  plates  of  mesoblast  are  differentiated  from  the  somatic  voluntary 
muscles  derived  from  the  myotomes  by  the  size  of  their  motor  nerve 
fibres,  we  ought  to  find  the  same  relation  in  the  trank  as  in  the  head; 
this  seems  to  me  to  be  the  case,  the  nerve  fibres  of  the  phrenio  in  the 
rabbit  separate  out  from  those  of  the  4th  and  5th  cervical  nerves  as  a 
group  of  fibres  of  smaller  size  than  the  surrounding  motor  nerves  of 
those  segments,  and  also  tiie  fibres  of  the  nerve  supplying  the 
w.  transversHS  ahdomints  in  the  dog  are  distinctly  smaller  than  those  of 
the  nerve  supplying  the  m.  ohliq,  sup,  I  conclude  then  that  the 
primitive  segmentation  of  the  head  is  shown  by  the  somatic  muscles 
of  the  Ilird,  lYth,  and  Vlth  nerves,  m.  stapeditu,  m,  levator  veli 
palatif  and  the  muscles  of  the  Xllth  nerve,  a  segmentation  whioih  is 
in  agreement  with  the  segmentation  of  the  trunk.  In  addition  to 
this  a  secondary  segmentation  has  taken  place  in  the  formation  of  the 
gills ;  the  muscles  belonging  to  this  segmentation  show  a  segmental 
arrangement  in  connexion  with  the  gills  but  not  in  the  case  of  the 
trunk,  for  as  far  as  I  know  the  m.  transversus  and  the  diaphragm  show 
no  sign  of  segmentation. 

In  this  preliminary  communication  I  cannot  discuss  all  the 
problems  which  are  opened  out  by  the  new  light  which  examination 
of  the  structure  of  the  craniul  nerves  has  shed  upon  their  distribution 
and  past  history.  The  explanation  of  the  degenerated  posterior 
roots  of  certain  of  the  cranial  nerves  is  certainly  to  be  found  in  the 
history  of  the  vertebrate  animal,  and  I  hope  in  the  course  of  the 
summer  to  publish  the  full  paper  of  which  this  is  a  preliminary 
account,  and  in  that  paper  to  make  some  attempt  to  account  for  this 
rimarkable  phylogenetic  degeneration.  In  conclusion,  I  may  remark 
that  Marshall  has  previously  noticed  in  the  chick  a  group  of  ganglion 
cells  at  the  origin  of  the  Ilird  nerve  out  of  the  brain.  Also  it  has 
been  pointed  out  to  me  that  my  discovery  of  degenerated  nerve  cells 
and  nerve  tissue  in  such  cranial  nerves  as  the  Ilird  is  not,  as  I 
thought,  entirely  new.  The  structures  in  question  have  been 
observed  by  Thomsen  and  other  pathologists.  The  explanation 
which  I  have  given  is,  however,  entirely  new. 
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[Note  by  W.  K.  F. — This  is  not  the  first,  but  it  is  the  moat  important, 

of  the  "  Notes  "  Dent  to  mo  by  my  son,  on  the  development  of  this,  tlie 

lotoe*t  and  mott  Eejililian  of  all  birds  known.     Seven  stages  beforo 

hatching  have  been  obtained,  and  will  yield,  I  am  satisfied,  moat 

instmctive  resnlts  and,  added  to  what  has  already  been  done  in  the 

other  forms  of  the  Batits,  will  give  something  like  completeness  to 

onr  knowledge  of  the  morphology  of  these  archaic  types.     It  is  not 

merely  ss  low  kinds  of  birds  that  the  Strnthioiu  types  are  so  important 

to  the  biologist  i  they  are  so  intimately  related  to  the  more  primitive 

forms,  both  of  Beptiles  and  Mammals,  that  any  new  &ct  as  to  their 

stractnre  is  of  great  value.   This  short  paper  is  accompanied  by  one  of 

my  own,  pnrposely  to  throw  light  npon  its  meaning  and  bearing.] 


it  from  a  Deteriplion  of  the  Skull  of  Apttn/x  at  about  Period  of 
Hatching. 

Each  alisphenoid  ia  connected  by  a  rod  of  cartilage  (A)  with  the 
pOBt«ro- dorsal  angle  of  the  mesethmoid  ;  a  Iranmerte  eartilagittout  bar 
is  thns  produced,  which  forms  the  anterior  boundary  of  the  pituitary 
fossa  sjid  the  dorsal  boundary  of  the  optio  foramen. 

Fie.  1. 


Cn&ryvrm 


*  The  Not*  hew  giTen  ii  on  the  ikall  oolj,  bnt  I  hne  ilmdj  recaivcd  noticM  ol 
thing!  foond  in  the  ntt  t>l  the  ikeleton  of  the  apterji  tlist  are  onlj  lecond  u 
tmportanoe  to  thow  npon  tbs  ikull,— W.  E.  FiRZia. 
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Tentnl  View. 


The  nnited  olfactoiy  capealeB  conBist  of  (a)  the  meBethmoid,  pass- 
ing in  front  into  the  pre-nasal  cartilage ;  (&)  the  lat^^l  ethmoidal 
jilatps ;  and  (c)  the  tnrbinals. 

The  mesethmoid  forms  in  its  posterior  half  a  vertical  plate,  with  « 
tSickened  lower  rim  ;  its  posterior  border  is  vertical,  and  forms  the 
front  bonn^arj  of  tlie  pituitary  fossa  ;  the  posterior  portion  of  its  dorsal 
bjrder  (cr.  gall.)  is  concave,  from  before  backwards,  and  has  eiactlj  the 
Tdlations  of  the  crista  galli  nf  a  MtHnmal.  Passing  forwards  from  the 
crista  galli,  the  mesethmoid  reaches  the  surface  of  the  skull,  where, 
with  the  adjacent  portions  of  the  lateral  ethmoida,  it  forms  a 
1  izenge-shapcd  area  between  the  posterior  ends  of  the  nasals.  Cephalad 
of  this  it  gradnallj  narrows  in  the  vertical  direction,  finally  becoming 
in  the  anterior  portion  of  the  beak  a  mere  rod,  the  pre-nasal  cartilage 
or  basi -trabecular.  Tliere  is  now  no  trace  of  the  parietal  fenestra  mwt- 
tioned  by  W.  K.  Parker  on  the  authority  of  Slanchard  ("  Ostrich  Skoll," 
p.  173). 

In  tbe  lateral  ethmoidal  plates  of  this  bird  no  clear  distinotioii 
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can  be  drawn  between  ali-ethmoidal,  ali-septal,  and  ali-nasal,  any  more 
tban  between  mesethmoid,  septum  nasi,  and  pre-nasal.  The  dorsal 
border  of  the  mesethmoid,  from  anterior  end  of  crista  galli  to  within 
about  2  cm.  of  end  of  beak,  sends  ofP  horizontal  plates  on  each  side, 
which  pass  at  first  outwards,  then  downwards,  and  finally,  in  part  of 
their  extent,  inwards,  thus  forming  roof,  outer  wall,  and  in  part  floor 
of  the  nasal  chambers. 

The  precise  relation  of  these  lateral  ethmoidal  plates  varies  in 
difPerent  regions,  and  it  is  convenient  to  consider  them  as  consisting 
of  five  portions. 

In  the  first  or  posterior  portion,  besides  passing  oatwards  and  down- 
wards, they  take  a  sweep  backwards,  and  then  inwards,  thus  forming 
an  almost  complete  somewhat  shell-like  covering  for  the  principal  or 
inter-orbital  portion  of  the  olfactory  capsules.  To  this  portion  the  name 
ali-ethmoid  may  he  applied.  Each  ali-ethmoid  is  a  thin  plate  of  carti- 
lage, convex  externally,  forming  the  outer  border  of  the  cribriform  tpa^e 
(olfactory  foramen)  by  its  dorsal  free  edge,  and  closely  applied  below 
by  its  ventral  edge  to  the  mesethmoid,  immediately  dorsad  of  the 
rostrum;  in  front  it  is  continuous  laterally  and  dorsally  with  the 
second  portion,  and  ventrally  ends  irregularly,  presenting  a  deep  ante- 
rior emargination,  which  separates  a  slender,  forwardly  directed 
process  (c)  from  the  main  ali-ethmoidal  cartilage. 

In  its  second  portion  the  lateral  ethmoidal  cartilage  f  ui*nishes  only 
roof  and  sides  to  the  nasal  chamber,  the  floor  being  absent,  and  thus 
the  turbinals  are  visible  from  below. 

In  its  third  portion  it  again  turns  inwards  so  as  to  furnish  a  floor 
to  the  nasal  cavity,  in  the  form  of  a  plate  with  a  straight  lower 
border  abutting  against  the  mesethmoid,  and  with  oblique  anterior 
and  posterior  edges. 

In  their  fourth  portion  the  lateral  ethmoids  again  furnish  only  roof 
and  outer  walls  to  the  off-chamber,  and  in  their  fifth  or  anterior 
portion,  they  are  entirely  unconnected  with  the  mesethmoid  (pre- 
nasal),  and  form  two  slightly  divergent  obliquely  placed  plates  of 
cartilage  which  are  continued  to  the  end  of  the  beak,  passing  dorsad 
of  the  nostrils.  To  these  the  name  ali-nasals  might  be  applied,  but 
owing  to  the  unique  position  of  the  anterior  uares,  the  relations  of 
these  and  other  parts  of  the  ethmoidal  region  is  strikingly  different 
from  what  we  are  familiar  with  in  other  birds. 

There  is  a  single  ethmoidal  ossification,  mesethmoid,  in  the  form  of 
a  bone  composed  of  horizontal  and  vertical  portions  and  T-shaped  in 
transverse  section.  The  horizontal  portion  is  shield-shaped,  and 
appears  on  the  surface  of  the  skull  between  the  posterior  ends  of  the 
nasals :  the  vertical  portion  ossifies  the  whole  postero-dorsal  region  of 
the  mesethmoid :  the  bone  in  question  is  therefore  partly  mes-  and 
partly  eoto-ethmoidal. 
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The  tnrbinalR  consist  of  in-growtbs  of  the  ali-ethmoid  into  the  nasal 
cavity,  and  are  altogether  three  in  number.  They  may  be  called 
respectively  anterior,  middle,  and  posterior  tarbinals.  The  posterior 
tnrbinal  has  the  form  of  a  vertical  scroll  of  very  thin  cartilage, 
attached  by  the  upper  and  lower  ends  of  one  edge  to  the  ali-ethmoid, 
but  free  in  the  middle  ;  it  is  rolled  upon  itself  caudad,  forming  aboat 
one  turn  and  a  half. 

The  middle  turbinal  is  attached  along  the  whole  length  of  one 
vertical  edge :  from  its  attachment  it  passes  mesiad,  then  turns 
sharply  laterad,  then  carves  mesiad  again,  and  passes  forwards 
(upheld)  as  a  broad  plate  somewhat  indented  in  the  middle  by  a 
vertical  furrow,  which  gives  it,  when  viewed  from  the  inner  face,  the 
appearance  of  a  double  fold :  this  broad  plate  is  attached  to  the  ali- 
ethmoid  all  along  its  vertical  edge,  and  in  front  is  rolled  upon  itself 
candad,  forming  a  scroll  of  one  turn  which  is  attached  above  and 
below  but  free  in  the  middle. 
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The  anterior  tnrbmal  arises  as  a  single  HOmewbat  oblique  plate, 
attached  to  the  ati-ethmoid  aloDg  its  whole  length :  it  soon  dividei 
into  two  plates,  each  of  which  becomes  rolled  upon  itself  forwards, 
forming  two  oblique  scrolls. 

Finally,  the  anterior  tnrbinal  is  continned  forwards  into  the  narrow 

portion  of  the  olfactory  chamber  (2nd  and  3rd  portions  of  lateral 

ethmoid,  sec  sections),  as  a  horizontal  plate,  which,  like  the  main 

^jMrtion  o(  the  tnrbinal,  divides  into  two  :  tbene  are  rolled  npon  them- 
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Bolyes  respectively  dorsad  and  yentrad,  forming  two  horizontal  scrolls, 
which  become  simpler  and  simpler,  finally  being  rednced  to  a  single 
narrow  horizontal  plate,  which  is  continued  as  far  forwards  as  a  small 
arterial  foramen  in  the  lateral  ethmoidal  cartilage  at  the  junction  of 
its  3rd  and  4th  portions. 

In  addition  to  these,  which  may  be  called  the  tnrbinals  proper,  the 
5th  anterior  (free)  portion  of  the  lateral  ethmoidal  cartilage  sends 
inwards  for  a  short  distance  a  narrow  horizontal  shelf-like  process 
(fig.  3,  sect.  5),  beginning  immediately  caudad  of  the  nostril,  and 
nearly  as  far  back  as  the  junction  of  the  lateral  ethmoids  with  the 
mesethmoid. 

On  each  side  of  the  ventral  edge  of  the  mesethmoid,  in  the  yomerino 
region  is  a  slender,  free  rod  of  cartilage,  shaded  dark  in  fig.  2,  imbedded 
in  connective  tissue,  and  lying  parallel  with,  and  either  immediately 
above  or  slightly  laterad  of,  the  dorsal  edge  of  the  vomer.  It  is  abont 
10  mm.  long,  and  about  0*14  mm.  in  diameter.  This  is  obviously 
the  vestigial  cartilage  of  Jacobson's  organ,  figured  but  not  described 
in  "Ostrich  Skull  "  (Plate  10,  fig.  14),  described  in  "  Skull  of  Bird," 
Plate  2  (p.  109,  Note) :  called  upper  labial  in  Snake  (Plate  30,  fig.  2), 
and  nasal  floor  in  Lizard  (Plate  44,  figs.  3  and  4). 


III.  "  On  Remnants  or  Vestiges  of  Amphibian  and  Reptilian 
Structures  found  in  the  Skull  of  Birds,  both  Carinataa  and 
RatitsB/'  By  W.  K,  Parker,  F.R.S.  Received  February  9, 
1888. 

One  of  the  most  remarkable  structures  found  in  the  skull  of  cer« 
tain  Amniota  or  higher  Yertebrata — Reptiles  and  Mammals,  is  the 
so-called  *'  Jacobson's  organ." 

A  pair  of  these  curious  gland-like  bodies,  each  carefully  placed  in 
its  own  special  capsule,  may  be  seen  in  Serpents,  Lizards,  and 
Mammals ;  but  they  are  not  present  in  Tortoises,  Crocodiles  or  Birds, 
as  far  as  our  present  knowledge  goes.  Rathke,  in  his  work  on  the 
Snake's  Skull,  spoke  of  the  '*  nasal  glands  and  their  capsules,"  and 
for  a  long  while  this  term  made  them  to  be  confused  with  the  nasal 
glands  of  birds,  which  have  nothing  whatever  to  do  with  "  Jacobson's 
organs." 

These  structures  are  largest  in  Serpents,  Lizards,  and  Monotremes, 
next  in  order  come  the  Marsupials,  Edentates,  and  Insectivores,  then 
the  Mammalia  generally,  including  Man  himself,  in  whom  they  appear 
for  a  time,  and  then  vanish  away.* 

These  structures  lie  just  above  the  anterior  incisive  foramina.     I 

*  See  £5lUker,  *  Ueber  die  Jaoobson'ichen  Organe   dee  MenicheD,'    Leipti^ 
1877. 
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^eed  not  now  state  anjFthing-  farth«v  with  regard  to  tken,  asi 
1  have  already  given,  in.  my  papers  on  tks:  Skull  o£  the  Snaike^ 
Iba  Lizard,  the  Edentata,  and  InsectiToroas  Mammalia,  nnmerova 
figures  and  descriptions  of  them.  I  must,.  howeTec,  repeat  oine  or 
two  facts ;  in  the  Snake  and  Lizard  these  gland*lULe  bodies  lie  eaoh 
in  a  little  dish,  formed  by  the  vomer  of  that  side,  covered  ift  by 
another  vomerine  bone — ^the  septomaxilljury.  They  are  also  protected 
at  the  opening  of  the  oapsnle  by  a  pedate  tract  of  oartilagcv  derivad 
from .  the  aii-nasal  fold,,  wliii^  in  the  Snake,  frequently  beoonofls 
detached  from:  ita  root. 

In  low  Mammalia  there  are  several  vomers,  ten  in  Gusout  mooiiUim, 
alow  kind  of  Pbalanger.  Now  in  most  of  the  lower  kinds  of  ManunaKa, 
examined  by  me,  a  pair  of  small  antnrioE  vomers  lie  on  the  inside  ci 
Jaoobson's  organs,  bat  the  capsule  itaelf  ia  formed  by  a  peouliar  hM 
of  cartilage — the  recurrent  cartilage^  which  closes  in  m:pon.  itself  md 
unites  its  edges  round  the  gland. 

Aa  a  rule  tiiese  *^  recurrent  cartilages  **  retain  t^etr  union  with  tiie 
alinasal  folds,  as  in  the  Lizard;,  in  the  Babbit  they  are  distinct,  as  in 
the  Serpent  (Howes). 

Now  in  Birds  these  oartQagea  not  un&equently  appear,  but.  no 
''  Jacobson*s  organ "  has  been  found  with  them.  The  Birds  whose 
vomerine  region  comes  nearest  to  that  of  a  low  Mammal  are  the 
^TumicTdaa,'*  or  H>emipods,and  the  great  group  of  the  Passerine  bitds 
(Coracamorph»,  or  ^githognatho  of  Huxley). 

It  is  not  uncommon  for  the  oX'faced  vomer  of  these  birds  to  be 
formed  of  two  paii*8  of  bony  centres,  and  these  become  not  only  fused 
together,  but  actually  grafted  upon  the  floor  of  the  cartilaginous 
nasal  capsule,  in  the  same  manner  as  is  common  in  the  lower  kinds  of 
Mammalia. 

Now  I  find  remnants  of  the  cartilaginous  capsule  of  Jacobson's 
organs,  not  only  in  tbe  Hemipods  and  in  the  lower  Neotropical 
Passerines  (Homortu,  Synallaxis^  Ancereies),  but  also  in  some  of  the 
highest  of  the  singing-birds,  namely,  the  Wren  (Anorthura  trogUh 
dyte$)j  and  also  in  some  of  the  Woodpeckers  (Picidaa),  outside  the 
Passerine  order. 

In  my  paper  on  the  "Skull  of  the  Ostrich  Tribe"  ('Phil.  Trans.,' 
1866,  Plate  10,  fig.  14,  a.i.t.),  I  figured  and  described,  hut  did  not 
anderstand,  a  peculiar  cartilage  perched  right  and  left  upon  the 
farge  vomer  of  the  Bhea.  I  have  been  for  a  long  time  satisfied  ^at 
this  also  is  one  of  the  vomerine  or  Jacobson's  cartilages,  and  this  view 
is  corroborated,  and  to  my  mind  proved,  by  what  my  son  has  found 
in  the  palate  of  the  Apteryx, 

Now  if  my  son's  figure*  of  the  transversely-vertical  section  through 
^ese  cartilages  an4  the  crura  of  the  vomer  in  the  Apteryx,  be  oom- 

*  In  tbe  Paper  preoeding  this. 
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pared  with  various  fifpirea  in.  my  Memoirs  on  the  MamznaliaD  SkoU 
(Parts  1,  2,  and  3^  '  Phil.  Trans/)^  it  will  he  seea  that  it  so  nearly 
oorresponda  with  sections  of  the  skull  of  the  Pig,  the  Edentata,  and  the 
Insectivores^  especiaUy  those  taken  just  hehind  Jacohson's  organ,  that 
without  explanation  it  would  he  impossible  to  tell  which  figure 
belonged  to  the  Bird,  and  which  to  the  MammaL 

In  the  Fowl,  the  Duck,  and  other  Precocial  birds,  the  embryo  of  the 
eighth  day  of  incubation  is  in  the  Amphibian  stage ;  then,  the  web 
goes  beyond  the  toes*  on  the  foot,  whilst  the  rudimentary  wing  shows 
clearly  a  paddle  with  three  digits  in  it,  the  first  shortest^  and  the 
third  not  much  shorter  than  the  second.  Very  soon,  however,  after 
this,  the  first  and  second  digits  acquii«  a  claw.  Thus  the  Beptiliau 
stage  has  been  attained ;  for  1  know  of  no  existing  Amphibian,  with 
daws,  except  the  Cape  Nailed  Toad  (Dactyleihra)^ 

Before  I  had  ever  ofEered  any  of  my  Morphological  Papers  to  the 
Royal  Society,  I  had  stumbled  upon  a  part  in  the  development  of  the 
skull  in  the  ohicky  the  importance  of  which  is  to  me  much  greater  now 
than  ever. 

Since  that  time,  besides  working  out  the  development  of  the  skull  in 
many  types  of  Birds,  all  the  Biatitss  except  the  Apterjz,  and  in  family 
after  &mily  of  the  Carinat»,  1  have  had  the  opportunity  to  work  it  out 
in  all  the  main  types  of  existing  Bicptiles ;  the  result  is  to  me  very 
remarkable. 

In  all  the  Ichthyopsida»  except  the  cartilaginous  Fishes — Marsipo- 
branchs  and  Elasmobranchs  (Hag,.  Lamprey,  Shark,  Skate),  the  base 
of  the  skull  is  supported  by  a  long  splint-bone,  the  nature  of  which 
had  been  completely  misunderstood  by  the  old  school  of  anatomists, 
but  which  was  put  into  its  right  category  by  our  great  Reformer, 
Professor  Huxley,  and  called  by  him  "  parasphenoid." 

This  great  superficial  bsfii-cranial  beam  is  largest  in  those  Oanoids^ 
that  are  half  Selachian — the  Sturgeons  and  their  allies :  but  it  is 
very  large  in  the  other  (Holostean)  Ganoids,  in  the  Teleostei,  Dipnoi, 
and  all  the  Amphibians. 

It  is  not  part  of  the  true  skull,  it  is  the  subcutaneous  part  of  a 
dermal  scute,  formed  inside  the  infolded  skin  of  the  mouth,  and  is  a 
ttmly  Teleological  bone,  developed  for  support  to  badly  ossified  encUh' 
cranioLy  just  as  suck  skulls  are  supplemented  by  dermal  bones — '*  Der- 
mostoses  "  or  "  Parostoses,"  above,  and  on  each  side.  This  bone,  well 
seen  in  the  Frog,  is  dagger-shaped,  and  reaches  from  near  the  foramen 
magnum  behind,  to  the  nasal  capsule  in  front,  the  "  guard  *'  of  the 
dagger  supporting  the  auditory  capsules.  Now  in  Serpents  only  the 
hlade  is  present ;  in  Lizards  only  a  very  fine  thread  of  bone  repre- 
senting the  blade ;  in  some,  e.^.,  Trachydosaurus  rtigosuu  (**  Cyclo- 
dontidsB  ")»  even  this  is  wanting.  It  is  not  present  in  those  very 
Amphibian  forms  the  Chelonians ;  and  in  Crocodiles,  I  can  only  find 
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a  small  remnant  of  the  ''  guard  *'  right  and  left,  or  two  "  basitem- 
poral  *'  plates,  soon  buried  np  by  the  huge  pterygoid. 

In  aU  birds  they  are  largCy  as  large  as  in  Frogs  and  Toads; 
this  is  equally  tme  of  the  Dinomie  and  of  the  smallest  Humming- 
bird. 

There  is  a  tendency  to  break  np  into  lesser  bony  parts ;  thns /or  a 
day  or  two  in  the  chick  there  are  two  '*  basitem poral "  and  one 
*'  rostra]  *'  centre ;  but  in  several  species  of  the  Ranidas,  e.g^  the  Bull- 
frog among  others,  the  point  of  the  dagger-shaped  bone  is  separately 
ossified,  and  remains  distinct. 

In  the  Paradoxical  Frog  (Pseudis  paradora)  there  is  no  "  handle  *' 
to  the  dagger ;  the  same  form  of  paroiphenaid  is  common  among  tbe 
water-birds,  e,g.y  Alea,  Uria.  This  is  an  ossification  which  is  the 
earliest  to  appear  in  skulls  that  take  on  any  kind  of  ossification ;  it 
is  also  the  first  bone  to  appear  in  an  embryo  bird,  as  in  the  larval 
Frog. 

These  facts,  and  many  others  that  I  could  mention,  make  it  evident 
that  in  seeking  for  a  clue  to  the  uprise  of  the  Feathered  Fowl,  we 
may  leave  ont  of  immediate  consideration  all  the  existing  fypes  of 
Beptilia :  ancient  Amphibians,  or  Reptiles  just  rising  ont  of  Amphibian 
lowliness,  are  the  forms  that  alone  will  help  us  in  this  search. 

We  do  get  some  light  upon  the  Reptilian  relationship  of  Birds^ 
but  it  is  at  best  a  scattered  light ;  the  head  of  a  bird  is  like  that  of  the 
Ichthyosaurus f  in  its  great  facial  elongation,  the  neck-  and  limb-regions 
of  a  Bird  are  those  of  a  Plesiosaurus^  whilst  the  hips  and  legs  are 
like  those  of  the  '*  Omithoscelida." 

Scarcely  any  Urodeles,  and  only  a  few  of  the  Anura,  show  any 
special  elongation  of  the  *'  intertrabecula  **  or  pre-nasal  rostral  car- 
tilage ;  this  must  have  been  very  long  in  the  Ichthyosauri  as  in  the 
Selachians,  and  as  in  the  embryos  of  all  Birds. 

In  the  Tadpole,  with  its  oral  aperture  in  front  of  the  head,  the 
quadrate  carfcilagd  or  suspensorium  of  the  lower  jaw  is  parallel  with 
the  fore  part  of  the  basis-cranii,  or  trahecuUe,  During  transforma- 
tion the  quadrate  hinge  gradually  gets  further  and  further  back 
until,  in  the  Bull-frog,  it  is  beneath  the  neck,  close  to  the  shoulder. 
The  pterygo-palatine  arcade,  which  was  a  mere  connecting  band 
between  the  quadrate  and  the  trabeoula,  becomes  the  long  palato-ptery- 
goid  arch  or  arcade,  and  the  fore  part  of  it  is  tri-radiate,  and  has 
received  a  term  for  each  ray. 

Thus  the  suspensorial  part  or  pedicle  is  the  ethmo-palatine,  the 
anterior  free  spike  the  pre-palatine,  and  the  hinder  part  which  runs 
into  the  pterygoid  is  the  post-palatine. 

The  anterior  part  of  the  pterygo-palatine  arcade  is  distinct  from 

the  pterygoid  in  the  Salamanders  and  their  allies — Urodeles — and 

the  pterygoid  in  them  is  an  out^wth  of  the  quadrate  which  grows 
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finrwards  towards  the  palatine,  bnt  does  not  coalesoe  with  it,  except 
in  Banodon  nhiricus,* 

This  endoskeleta]  cartilaginous  palatine,  with  its  peduncle  and  fore 
and  hind  ray  or  crusy  appears  in  several  kinds  of  birds,  in  addition 
to  tbeir  normal  parosteal  palatine — a  mere  membrane  bone,  as  in 
Beptiles  and  Mammals. 

This  vestige  or  remnant  remains  in  the  adalt ;  it  is  of  no  apparent 
1M6,  and  occurs  in  the  Families  in  the  oddest  way ;  sometimes,  how« 
ever,  it  is  present  in  all  the  members  of  some  particular  Family-group, 
as  for  instance  in  the  MusophagidaB  or  plantain-eaters  (Musophaga, 
Schizorhisy  and  Gorythaix),^ 

My  own  later  researches  show  it  well  in  the  Oil  Bird  (Steatomis 
caripensis)  and  in  the  Green  Tody  (Todus  viridis) ;  but  it  is  well 
developed  in  Scythrops  (see  ^  Linn.  Soc.  Trans.,'  ser.  2  (Zool.),  vol.  1, 
plate  23,  figs.  4  and  3,  o,u.) 

In  that  nearly  extinct  Neotropical  type,  Steatomis^  this  curious 
partly  ossified  remnant  has  the  three  crura,  all  well  marked,  and 
their  morphological  meaning  is  evident ;  albeit  the  whole  piece  is  so 
small  and  feeble  that  it  can  serve  no  purpose  in  the  solid  palate  of 
that  remarkable  bird. 

To  show  how  unexpectedly  this  remnant  exists,  and  does  not  exist, 
I  will  give  a  list  of  the  Birds  in  which  it  has  been  found  in  a  seg- 
mented state  as  a  distinct  bony  element  of  the  face ;  it  often  shows 
itself  as  a  mere  process  of  the  ecto-ethmoid :  I  do  not  include  those 
birds  in  the  list. 

Motaciy^yarrelli  1  MotacilUcte. 
Budytes  rayi         J 

Todus  viridis,    TodidsB. 

Steatomis  caripensis,    Steatomidas. 

Schizorhis  "| 

Musopha^a  >Musophagid89. 

Corythaix  J 

Dicliolophus,     DicholophideB. 

ProceUaria        T 

Stroma  \^->oe^^- 

Diomedea,  8fO.  J 

LaruSf  var.  spec.     LaridaB. 

Tachypetes,     TachypetidsB. 

Another  more  partial  remnant  is  seen  in  the  CoracomorphaB  or 
Passerine  birds  generfilly,  which  together  make  up  nearly  half  the 
number  of  known  birds. 

In  my  paper  "  On  the  Skull  of  the  Urodeles  "  (*  Phil.  Trans.,'  1877, 

*  See  Wiedersbeim, '  Kopfskelet  der  Urodelen/  Leipzig,  1877,  Plate  5,  figs.  69, 70. 
t  See  Beinhardt,  '  Om  en  hidtil  ukjendt  Knogle  1  Horedskallen  hos  Turakoerae 
{Mnsophoffidet,  Sunder.) '  Copenhagen,  1871,  Plate  7. 
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plate  24,  figs.  1-3),  I  showed  that  the  *'  post-palatine  "  traet  of  caitil-^ 
lage  was  deyeloped  as  a  distinct  nnclens  in  the  Axdotl  (SireAon). 

That  distinct  nnclens  r^resenting  the  pod»paJa/Une  r^gicn  of  the 
Frog's  sknll  also  re-appears  in  the  Grow,  in  the  Sparrow,  and  in  all' 
the  Passerines,  as  far  as  I  have  been  aUe  to  work  them  ont.  It  lies 
outside  the  hinder  part  of  the  normal  parostecd  palatine  bone,  becomes 
a  solid  ear- shaped  tract  of  hyaline  cartilage,  acquires  its  own  osseous 
(endosteal)  centre,  and  this,  when  ossified,  coalesces  with  the  norokal 
palatine  bone. 

The  only  Beptile  in  which  I  hare  discovered  any  distinct  trace  of 
the  endoskeletal  palatine  is  the  Green  Turtle;  it  is  very  small  (see 
my  paper  in  the  *'  Challenger  Reports,"  vol.  1»  part  5,  pi.  12,  figs.  9, 
9a,  26 :  e.p.a.). 

These  are  not  all,  or  nearly  all  the  vestigial  structures  that  are 
familiar  to  me  in  the  Bird's  skull — ^to  say  nothing  of  the  skeleton 
generally ;  but  they  are  sufficient,  I  think,  to  satisfy  any  reasonable 
person  that  Birds  arose,  by  secular  transformation,  either  from  the 
lowest  and  most  ancient  of  the  true  Reptiles,  or  equally  with  Reptiles 
from  archaic  Amphibia,  low  in  structure,  bat  full  of  potential  excel- 
lence, and  ready,  pro  re  ^lata^  to  beix>me  Reptile,  Bird,  or  even  Mammal, 
as  the  case  might  be. 

For  many  years  I  have  been  endeavouring  to  gather  up  the  frag- 
ments of  morphology  that  nothing  should  be  lost ;  I  am  satisfied  that 
these  lingering  but  practically  useless  structures  will  be  found  to  be 
very  difficult  of  deglutition  to  anyone  who  believes  that  the  Birds  that 
now  exist  were  created  in  their  present  form  and  condition.* 


Presents,  February  23,  1888. 
Transactions. 

Baltimore: — Johns    Hopkins     University.     Circular.      Vol.    VII. 
No.  62.     4to.     Baltimore  1888.  The  University. 

Bordeanx : — Soci^t^  de  M6decine  et  de  Chirurgie:     8vo.   Bordeaux 
1887.  The  Society. 

Society  des  Sciences  Physiqnes  et  Naturelles.  M6moires.  Tomes 
II-III.  8vo.  Paris  1886 ;  Observations  Pluviom^triques  et 
Thermoni6triqaes  faiths  dans  le  D6partement  de  la  GKronde  de 
Jain  1885  a  Mai  1886.     8vo.     Bordeaux  1886. 

The  Society. 

Cardiff : — ^Natural i Jits'  Society.     Transactions.    Vol.  XIX.     Part  I.' 

8vo.     Cardiff  1887.  The  Society. 

*  I  liaTe  only  referred  to  a  few  of  the  memoirs  that  contain  the  Bgnres  and 

descriptions  of  the  parts  referred  to  in  this  paper.     They  are,  howerer,  well  knowii, 

and  are  mainly  in  the  'Transactions'  of  the   Royal,  Linneean,  and  Zoologieol 

Societies,  .  .  ! 
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Transactions  (contiueed). 

Edinbnrgh: — Boyal   Society.    Proceedings.    Wos.   121-123.     8vo. 

^(iinftwr^^  1885-87 ;  Transactions.     Vol.  XXX.    Part  4.    Vol. 

XXXII.    Parts  2-4.    Vol.  XXXIII.    Parti.    4to.    Edinburgh 

1883-87.  The  Society. 

liverpool: — Astronomical   Society.    Jonmal.     Vol.    VI.     Part  4. 

8vo.     Liverpool  1888.  The  Society. 

London: — Pharmacentical   Society  of    Great  Britain.     Calendar. 

1888.     8vo.  London,  The  Society. 

Bojal  Institute  of  British  Architects.     Journal  of  Proceedings. 

Vol.  IV.     No.  8.     4to.  London  1888.  The  Institute. 

Boyal   Statistical   Society.     Journal.     Vol.   L.     Part  4.     8vo. 

London  1887.  The  Society. 

St.  Bartholomew's  Hospital.     Statistical  Tables  of  the  Patients 

*  under  Treatment  during  1886.    8vo.    London  1887. 

The  Hospital. 

Manchester: — Greological     Society.       Transactions.       Vol.    XIX. 

Partis.     8vo.    Manchester  IS8&,  The  Society. 

St.   Petersburg: — Academic    Imperiale   des   Sciences.     M6moires. 

Tome  XXXV.     Nos.  8-9.     4to.     8t  Peiershourg  1887. 

The  Academy. 

Simla : — Naturalists'  Society.     Journal.     Vol.  I.     Parts  1-2.    8vo. 

[Simla]  1885-86.  The  Director,  Royal  Gardens,  Kew. 

Vienna: — K.   Akademie   der  Wissenschaften.     Anzeiger.     Jahrg. 

1887.    Nos.  26-28.     8vo.     Wien.  The  Academy. 


Observtitions  and  Reports. 

Brisbane: — Registrar- General's     Office.      Report,     1886.       Folio. 

Brisbane  1887.  The  Registrar- General. 

India: — Geological  Survey.     Records.     Vol.   XX.     Part  4.     8vo. 

Calcutta  1887.  The  Survey. 

International   Polar  Expeditions.     Mission   Scientifique    du    Cap 

Horn,  1882-83.     Tomes  IV,  VI.    4to.    Paris  1887. 

Ministeres  de  la  Manne  et  de  Tlnstruction  Publiqae,  Paris. 
Beobaohtungen  der  Russichen  Polarstation  an  der  Lenamundung. 
Theil   II.     Lief   2.     4to.     1887. 

Society  Imperiale  Russe  de  Geographic,  St.  Petersburg. 
Lisbon : — Commissao  dos  Trabalhos  Geologicos  de  Portagal.     Com- 
muni9ades.   Tomo  I.    Fasc.  2.   8vo.   Lisboa  1887. 

The  Commission. 

London : — Colonial  and  Indian  Exhibition,   1886.     Report  of  the 

Royal  Commission.     8vo.     London  1887 .         The  Commission. 

Meteorological  Office.    Hourly  Readings.     1884.     Part  4.     1885. 

Part  1.   8vo.    London  1887 ;  Daily  Weather  Reports.    January 
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to  Jane,  1887.  4to.  London;  Weekly  Weather  Report  1887- 
Noe.  12-45.  4to.  Xofuiaw;  Monthly  Weather  Report.  Decern- 
ber,  1886.  4to.  London  1887;  Quarterly  Weather  Report. 
1878.  Part  4.  1879.  Parts  1-2.  4to.  Iomionl887;  Meteoro- 
logical Observations  at  Stations  of  the  Second  Order,  1883. 
4to.    London  1888.  The  Meteorological  Office. 

Navy.     Statistical  Report  of  the  Health  of  the  Navy,  1886.    8vo. 
.  London  1888.  The  Admiralty. 

Moscow  : — Musees  Publics  Ronmiantzow.  Catalogae  de  Mennaies 
et  M6dailles  Romaines.  (Russian.)  Livr.  2.  8vo.  Moscou  1887. 

The  Museum. 

Paris: — ^Bureau  Central  M^t^orologique  de  France.  Annalea. 
Ann6e  1884.  Fasc.  2.  4to.  Paris  1887.  Ann^  1885.  Faac. 
1,  3-4.     4to.    Paris  1887.  The  Bureau. 

Observatoire.  Catalogue  de  TObservatoire.  ^toiles  obeerv^es  aux 
Instruments  M6ridiens  do  1887-1881.  Tome  1.  4to.  Paris 
1887;  Positions  observ^esdesJ^toiles,  1837-1888.  Tome  1.  4to. 
Paris  1887.  The  Observatory. 

Rio  de  Janeiro  : — Imperial  Observatorio.  Annuario.  1885-87.  Anno 
1-3.  8vo.  Bio  de  Janeiro^  1884-86.  The  Observatory. 

St.  Petersburg : — Physikalisches  Central-Observatorium.  Annalen. 
Jahrg.  1886.    Theil  2.   4to.    St.  Petersburg  1887. 

The  Observatory. 

Sweden: — Sveriges  Geologiska  Undersokning.  Ser.  A.  Kartblad 
med  beskrifningar.  Nos.  92,  94,  97,  101-102.  Ser.  Ab, 
Nos.  11-12.  8vo.  Stockholm  1887;  Ser.  Bb.  Special- 
kartor  med  beskrifningar.  No.  5.  8vo.  Stockholm  1887 ;  Ser.  C» 
Afhandlingar  och  uppsatser.  Nos.  78-84,  86-88,  90-91.  8va 
Stockholm  1885-87;  Ser.  C.  Afhandlingar  och  uppsatser. 
Nos.  65,  85,  89.   4to.    Stockholm  1886-87.  The  Survey. 

Washington : — Catalogue  of  the  First  Industrial  Exposition  by  the 

Coloured  Citizens  of  the  District  of  Columbia,  September,  1886. 

8vo.    Washington  1887.  The  President  of  the  Exposition. 

U.  S.  Geological  Survey.  Mineral  Resources  of  the  United  States. 

Report,  1880.    8vo.    Washington  1887.  The  Survey. 
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Professor  G.  G,  STOKES,  D.C.L.,  Pi-esident,  in  the  Cliair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered 
for  them. 

In  pursuance  of  the  Statutes,   the   names  of  the   Candidates   for 
election  into  the  Society  were  read  from  the  Chair,  as  follows : — 


Andrews,  Thomas,  F.R.S.K. 
Bosanquet,  Robert  Hoi  ford  Mac- 

dowall,  M.A. 
Bottomley,  James  Thomson,  M.A. 
Boys,  Charles  Vernon. 
Bnrbnry,     Samuel     Hawkesley, 
-M.A. 
Buzzard,  Thomas,  M.D. 
Cameron,  Sir  Charles  Alexander, 

M.D. 
CamcUey,     Professor     Thomas, 

D.Sc. 
Church,  Arthur  Herbert,  M.A. 
Clark,  John  Willis,  M.A. 
Clarke,  Alexander  Ross,  Colonel 

R.B. 
Corfield,  William  Henry,  M.D. 
Cunnincrham,    Professor    Daniel 

John,  M.D. 
Cunningham,     Professor     David 

Douglas,  M.B. 
Dickinson,     William     Howship, 

M.D. 
Elgar,  Professor  Francis,  LL.D. 
Fletcher,  Lazaras,  M.A. 
Galloway,  William. 
Gordon,  James  Edward   Henry, 

B.A. 
Greenhill,       Professor       Alfred 

George,  M.A. 
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Halliburton,  William    Dobinson, 

M.D. 
Henslow,  Rev.  George,  M.A. 
Howorth,  Henry  Hoyle. 
Hughesi,       Professor       Thomas 

McKenny,  M.A. 
Jervois,     Sir    William     Fjancis 

Drummond,  Lieut.-Gen.  R.E. 
King,  George. 
Lap  worth.     Professor     Charles, 

LL.D. 
MacMunn,  Charles,  M.D. 
Martin,  John  Biddulph,  M.A. 
Matthey,  Edward,  F.C.S. 
Ord,  William  Miller,  M.D. 
Palmer,  Henry  Spencer,  Colonel 

R.E. 
Parker,  Professor  T.  JefFerv. 
Pedler,      Professor      Alexander, 

F.C.S. 
Pickering,      Professor     Spencer 

Umfreville,  M.A. 
Poulton,.  Edward  B.,  M.A. 
Poynting,  Professor  John  Henr\', 

M.A. 
Priestley,  William  Overend,  M.D. 
Ramsay,  Professor  William,  Ph.D. 
Sanders,  Alfred,  M.R  C.S. 
Sankey,  Matthew  Hfury  P.  R., 

Capt.  R.E. 

2u 
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Seebohm,  Henry,  F.L.S. 

Sharp,  David,  M.B. 

Shaw,  Professor  Henry  Selby 
Hele,  M.I.C.E. 

Sollas,  Professor  William  John- 
son, D.Sc. 

Stevenson,  Thomas,  M.D. 

Stewart,  Major-Gen.  J.  H.  M. 
Shaw,  R.£. 

Stokes,  Sir  William,  M.D. 

Teale,  Thomaa  Pridgin,  F.B.C.S. 

Tenison- Woods,  Bev.  Julian  E., 
M.A. 

Thomson,  Professor  John  Millar, 
F.B.S.E. 


Thome,  Bichard  Thome,  M.B. 

Tidy,  Professor  Charles  Meymott, 
M.B. 

Tizard,  Thomas  Henry,  Staff- 
Commander. 

Todd,  Charles,  M.A. 

Tomlinson,  Herbert,  B.A. 

Topley,  William,  F.G.S. 

Trimen,  Henry,  M.B. 

Ulrieh,  Professor  George  Henry 
Frederic,  F.G.S. 

Ward,  Professor  Henry  Marshall, 
M.A. 

White,  William  Henry,  M.I.C.B. 


1  he  following  Papers  were  read: — 


^ 


I.  '*  On  the  Changes  produced  by  Magnetisation  in  the  Dimen- 
sions of  Rings  and  Rods  of  Iron  and  of  some  other  Metals." 
By  Shelford  Bidwell,  M.A.,  F.R.S.  Received  February  9, 

1888. 

(Ahstract.) 

In  a  paper  commnnicated  to  the  Royal  Society  in  1885,*  the  author 
has  shown  that  the  elongation  which  an  iron  rod  undergoes  when 
magnetised  does  not,  as  had  been  generally  believed,  remain  unchanged 
at  a  maximum  when  the  magnetising  force  exceeds  that  which  is  suffi- 
cient to  produce  so-called  saturation.  On  the  contrary,  he  finds  that 
when  the  magnetising  force  is  continually  increased  beyond  this  limit, 
the  elongation  becomes  gradually  less  and  less,  until  the  rod,  after  first 
returning  to  its  original  length,  ultimately  becomes  actually  shorter 
than  when  in  the  unmagnetised  condition. 

The  experiments  described  in  that  paper  are,  however,  open  to 
objection,  on  the  following  grounds  : — (1)  The  field  due  to  the  mag- 
netising solenoid  was  not  quite  uniform ;  (2)  the  effect  of  the  ends  of 
the  rods  was  uncertain,  and  might  have  played  some  material  part 
in  the  production  of  the  phenomena  in  question  ;  (3)  all  the  rods  used 
in  the  experiments  retained  a  certain  amount  of  permanent  magne- 
tism ;  (4)  the  experiments  might  with  advantage  have  been  carried 
further.  The  paper  now  offered  to  the  Society  contains  an  account  of 
some  new  experiments  which  were  designed  to  meet  the  above  objec- 
tions. 

Objections  (1)  and  (2)  were  met  by  using  rings  instead  of  rods  of 

•  *  Eoy.  Soc.  Proo.,'  vol.  40, 1886  (No.  242,  p.  109). 
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iron,  obser^rations  being  made  of  the  changes  which  occurred  in  their 
diameters  nnder  the  inBuence  of  varioos  magnetising  forces  obtained 
by  passing  currents  of  electricity  through  coils  of  wire  onoircling  the 
rings.  To  remoye  the  third  objection  the  rings  were  demagpietised 
before  every  observation,  by  a  modification  of  the  method  described 
by  Professor  Ewing  in  the  '  Phil.  Trans/  vol.  176,  p.  537.  And  lastly, 
the  battery  employed  was  increased  from  seven  Grove's  cells  to  thirty. 

After  an  explanation  of  the  precautions  taken  to  guard  against  the 
effects  of  current  heating,  an  account  is  given  of  some  experiments 
with  three  rings  arranged  in  slightly  different  ways,  and  the  results 
are  compared  with  those  of  an  experiment  made  under  similar  con- 
ditions with  a  sti*aight  rod.  It  was  found  that  in  their  general  cha- 
racter the  phenomena  of  elongation  and  retraction  were  just  the  same 
in  both  cases,  and  were  in  close  agreement  with  those  of  the  former 
paper.  The  differences  in  mere  details  were  not  greater  than  would  pro- 
bably be  found  to  occur  in  different  specimens  of  iron  of  the  same  form. 

Being  satisfied  that  these  curious  effects  of  magnetism  were  prac- 
tically independent  of  the  form  of  the  iron,  and  having  regard  to  the 
fact  that  it  was  much  easier  to  obtain  intense  fields  with  straight  than 
with  circular  solenoids,  the  author  thought  it  worth  while  to  make 
some  further  experiments  with  straight  rods.  The  metals  used  in 
addition  to  iron  were  cobalt,  nickel,  manganese-steel,  and  bismuth ; 
and  the  highest  magnetising  force  reached  about  840  C.G.S.  units, 
the  maximum  in  the  old  experiments  having  been  290. 

It  was  found  that  the  retraction  of  the  iron  continued  to  increase 
with  higher  forces  until  it  was  finally  as  much  as  45  ten-millionths  of 
the  length  of  the  rod,  when  there  were  indications  that  a  limit  was 
being  approached.  The  retraction  of  the  nickel  reached  113  ten- 
millionths,  when  it  also  was  evidently  not  far  from  its  limit. 

The  behaviour  of  the  cobalt  rod  was  exceedingly  curious  and  inte- 
resting. No  evidence  of  any  change  of  length  appeared  until  the 
magnetising  force  exceeded  30  or  40  units.  Then  the  length  of  the 
rod  began  to  diminish,  and  continued  diminishing  until  the  force  was 
about  400,  when  the  retraction  amounted  to  50  ten-millionths.  But 
beyond  this  point  the  rod  gradually  became  longer  again,  and  the 
retraction  with  the  highest  force  of  800  units  was  only  three-fifths  of 
its  maximum  amount.  It  was  ascertained  that  the  maximum  retraction 
did  not  coincide  with  a  maximum  of  magnetisation,  as  might  have 
been  suspected  to  be  the  case.  It  is  suggested  that  iron  and  nickel 
might  possibly  behave  in  a  similar  manner  under  sufi&ciently  high 
magnetising  forces.* 

*  It  is  alto  suggested  that  some  specimens  of  cobalt  and  nickel  might,  like  iron, 
begin  with  a  small  preliminary  elongation,  thus  accounting  for  Professor  Barrett's 
obserration  that  cobalt  undergoes  elongation  when  magnetised  ('  Nature/  toI.  26, 
p.  5S5). 
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Tables  and  cnrves  are  g^ven  showing  the  relation  between  magne- 
tising force  and  changes  of  length  in  each  metal. 

Bismnth  was  fonnd  to  be  slightly  elongated  in  strong  fields,  thongh 
no  change  could  be  detected  with  forces  of  less  than  about  500.  The 
greatest  elongation  observed  was  abont  1*5  ten-millionths  of  length. 

Manganese-steel  was  almost  unaffected.  The  elongation  in  a  field 
of  850  was  estimated  to  be  abont  one  fiftj-millionth  of  the  length. 

Finally,  it  is  shown  that  the  mechanical  stress  prodaced  in  iron  by 
magnetism  does  not  account  for  more  than  one-fifth  pari  of  the 
•observed  magnetic  retraction. 

An  Appendix  to  the  paper  contains  evidence  of  the  high  degree  of 
accuracy  obtainable  <by  the  method  of  observation  employed.  In  the 
veiy  great  majority  of  the  measurements  of  elongation  and  retrac- 
tii  n,  the  probable  error  was  less  than  one  two-and-a-half-million th 
part  of  an  inch,  or  one  hundred-thousandth  of  a  millimetre ;  and 
the  results  of  experiments  made  upon  different  days  (the  apparatus 
having  been  •  in  the  meantime  dismantled),  or  with  currents  of 
ascending  and  of  descending  strength,  were  strikingly  concordant. 
This  degree  of  precision  is  attributed  to  the  perfection  of  the  optical 
arrangements,  which  rendered  it  possible  to  project  the  image  of  a 
wire  with  such  sharpness,  that  after  reflection  from  a  mirror  its 
position  upon  a  scale  24  feet  (732  cm.)  distant  could  be  read  to  a 
quarter  of  a  ^scale  -  vdivision,  each  whole  division  being  equal  to 
-4\,-inch  (064  mm.).  The  magnifying  power  was  such  that  a  change 
of  one  two*and-»a-half-millionth  part  of  an  inch  (or  one  hundred- 
thousandth  of  a  millimetre)  in  the  length  of  the  rod  under  examination 
caused  the  image  of  the  wire  to  move  through  about  three-quarters  of 
a  scale  division.  More  accurately,  a  scale  division  corresponds  to 
0000018  mm. 

The  currents  used  were  measured  by  one  of  Ayrton  and  Perry's 
commutator  ammeters,  and  the  accuracy  with  which  the  magnetising 
forces  were  estimated,  though  quite^  sufficient  for  the  pui*po8e  of  the 
experiments,  does  not  claim  to  be  very  high. 


II.  *'0n  Electrical  Excitation  of  the  Occipital  Lobe  and 
adjacent  Pai-ts  of  the  Monkey's  Brain."  By  E.  A.  ScHaFER, 
F.R.S.,  Jodrell  Professor  of  Phyaiology  in  University 
College,  London.     Received  February  13,  1888. 

The  cortex  of  the  occipital  lobe  has  been  explored  electrically  by 

Ferrier  and  by  Luciani  and  Tamburini.     In   ten  experiments  upon 

monkeys  Ferrier  was  unable  to  obtain  any  movements  on  stimulation 

of  this  part.     Excitation  of  the  angular  gyrus  produced  conjugate 

de\iition  of  both  eyes  to  the  opposite  side,  with  sometimes  an  up- 
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wai*d  inclination  when  the  anterior  limb  was  stimulated,  and  a  down- 
ward inclination  when  the  electrodes  were  applied  to  the  posterior 
limb.  Lnciani  and  Tambarini  obtained  only  a  conjugate  deviation  to 
the  opposite  side,  without  any  constant  upward  or  downward  incliua- 
tion,  and  they  got  a  similar  but  less  marked  movement  by  stimulating 
the  whole  of  the  external  surface  of  the  occipital  lobe. 

The  following  are  the  results  of  my  own  observations  : — Electrical 
excitation  of  the  posterior  limb  of  the  angular  gyrus,  of  the  upper 
end  of  the  middle  temporal  gyrus*  (which  is  continuous  with  it)  of 
the  whole  cortex  of  the  occipital  lobe  (inclusive  of  its  mesial  and 
under  aspects)  and  of  the  quadrate  lobule,  causes  conjugate  deviation 
of  the  eyes  to  the  opposite  side.  The  movement  is  not,  however,  in 
all  cases  a  simple  lateral  deviation,  .but  the  lateral  movement  may  be 
combined  with  an  upward  or  downward  inclination  according  to  the 
part  stimulated.  Thus  (1)  excitation  of  a  superior  zone  which  com- 
prises on  the  external  surface  the  posterior  limb  of  the  angular  gyrus, 
the  upper  (posterior)  end  of  the  middle,  temporal  gyrus,  and  the  pai*t 
of  the  occipital  lobe  immediately  behind  the  external  parieto-occipital 
fissure,  and  on  the  mesial  surface^ the  quadrate  lobule  immediately  in 
front  of  the  upper  end  of  the  internal  parieto-occipital  fissure,  and 
the  occipital  lobe  for  a  short  distance  behind  the  upper  end  of  that 
fissure,  produces,  besides  the  lateral  deviation,  a  downward  inclination 
of  the  visual  axes  which  is  sometimes — especially  when  the  stimula- 
tion is  applied  at  or  near  the  mesial  surface — so  mai'ked  as  greatly  to 
obscure  the  lateral  deviation. 

(2.)  Excitation  of  an  inferior  zone  comprising  the  whole  of  the 
inferior  surface  of  the  lobe,  the  lower  part  of  the  mesial  surface, 
and  the  posterior  or  lowermost  part  of  the  convex  or  external  surface, 
produces,  besides  the  lateral  deviation,  an  upward  inclination  of  the 
visual  axes  which,  like  the  downward  movement  resulting  from  stimu- 
lation of  the  superior  zone,  may  be  so  marked  as  partly  to  obscure  the 
lateral  deviation. 

(3.)  Excitation  of  an  intermediate  zone  which  comprises  the  greater 
part  of  the  external  surface  (where  it  gradually  broadens  out  laterally) 
and  extends  over  the  margin  of  the  great  longitudinal  fissure  to  in- 
clude a  narrow  portion  of  the  mesial  surface,  produces  neither  upward 
nor  downward  inclination  of  the  visual  axes,  but  a  simple  lateral 
movement. 

These  zones  are  not  sharply  marked  oS  from  one  another  but  merge 
gradually  into  one  another,  so  that  if  the  electrodes  be  applied  near  to 
the  upper  or  lower  limit  of  the  intermediate  zone  there  is  produced  a 

*  Excitation  of  the  upper  end  of  the  superior  temporal  gyros  gires  a  similar 
resalt.  Since  this  is  commonly  accompanied  by  a  movement  of  the  opposite  ear,  it 
is  usually  considered  that  subjective  auditory  sensations  have  been  called  up  by  the 
excitation. 
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slight  downward  or  upward  inclination  aooompanjing  or  immediately 
following  the  lateral  movement. 

The  upward  inclination  of  the  ejes  is  often  accompanied  by  eleva- 
tion of  the  npper  lids,  and  the  downward  inclination  by  depression  of 
these  lids. 

Simaltaneons  excitation  of  corresponding  points  on  the  two  hemi- 
spheres by  the  same  stimnlas  nsnally  prodaces  a  struggle  between  the 
muscles  producing  the  lateral  movement,  the  eyes  quivering,  but  not 
being  directed  more  to  one  side  than  the  other.  On  one  occasion, 
however,  when  corresponding  points  of  the  mesial  surfaces  were 
simultaneously  stimulated  slight  convergence  of  the  optic  axes  was 
obtained. 

If,  as  is  highly  probable,  the  movements  of  the  eyes,  which  occur 
on  excitation  of  the  occipital  lobe  and  adjacent  parts,  are  the  result  of 
the  production  of  subjective  visual  sensations,  these  effects  of  excita- 
tion of  the  several  parte  of  that  lobe  and  the  adjoining  portions  of  the 
brain  would  appear  to  indicate — 1.  A  connexion  of  the  whole  visual 
area  of  each  hemisphere  with  the  corresponding  lateral  half  of  each 
retina.  (This  has  already  been  ascertained  to  be  the  case  from  the 
result  of  removing  the  whole  of  the  area  on  one  side,  bilateral  homo- 
nymous  hemianopsia  being  thereby  produced.) 

2.  A  connexion  of  the  superior  zone  with  the  superior  part  of  the 
corresponding  lateral  half  of  each  retina. 

3.  A  connexion  of  the  inferior  zone  with  the  inferior  part  of  the 
corresponding  lateral  half  of  each  retina. 

4.  A  connexion  of  the  intermediate  zone  with  the  middle  part  of 
the  corresponding  lateral  half  of  each  retina. 

If  we  imagine  the  visual  areas  of  the  two  cerebral  hemispheres  to 
be  united  in  the  middle  line  we  may  conceive  each  retina  as  projected 
in  its  normal  position  over  the  united  area.  It  will  then  at  once 
appear  that  the  upper  and  lower  parts  of  both  retinas  will  fall  upon 
the  corresponding  parts  of  the  united  area,  that  the  outer  part  of  the 
left  retina  and  the  inner  paH  of  the  right  will  fall  upon  the  outer 
portion  of  the  left  side  of  the  united  area,  and  vice  versa,  and  that  a 
vertical  line  bisecting  each  retina  will  fall  along  the  line  of  union  of 
the  two  cerebral  visual  areas.  The  parts  concerned  with  direct  or 
central  vision  will  therefore  correspond  with  a  part  of  the  mesial 
surface.  And  each  pair  of  "  identical  points "  of  the  retinas  will 
correspond  with  one  and  the  same  ^>ot  of  the  cerebral  sarface.* 

*  A  more  detailed  account  of  this  iiLvestigation  will  appear  in  the  April  number 
of  '  Brain.' 
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III.  **A  Comparigon  of  the  Latency  Periods  of  the  Ocular 
Muscles  on  Excitation  of  the  Frontal  and  Occipito- 
Temporal  Regions  of  the  Brain."  By  E.  A.  Schafer, 
F.R.S.,  Jodrell  Professor  of  Physiology  in  University 
College,  London.     Received  February  13,  1888. 

Conjagaie  deviation  of  the  eyes  to  the  opposite  side  is  produced  by 
excitation  of  entirely  different  regions  of  the  cerebral  cortex.  The 
parts  which  when  electrically  excited  produce  this  movement  are: 
(1)  An  area  in  the  frontal  region  of  the  hemisphere  which  is  included 
in  the  motor  or  psychomotor  zone  of  authors;*  (2)  the  superior 
temporal  gyrus;  (3)  the  upper  end  of  the  middle  temporal  gyrus; 
(4)  the  posterior  limb  of  the  angular  gyrus ;  (5)  the  whole  cortex  of 
the  occipital  lobe  including  its  mesial  and  under  surfaces ;  (6)  the 
quadrate  lobule. 

Of  these  parts,  excitation  of  which  produces  this  result  (conjugate 
deviation  of  the  eyes  to  the  opposite  side),  one,  viz.,  the  frontal  area, 
is  distinguished  from  the  rest  by  the  fact  that  its  removal  produces 
paralysis  of  that  movement.  This  fact  has  been  seized  upon  by 
Ferrier  as  indicating  an  important  functional  difference,  the  move- 
ments in  the  one  case  being  probably  caused  by  the  direct  action  of 
this  part  of  the  cortex  upon  the  centre  of  origin  of  the  nerves  to  the 
ocular  muscles ;  but  in  all  other  cases  by  indirect  action,  the  move- 
ment when,  e.g.,  the  visual  or  auditory  region  is  stimulated  being  the 
result  of  visual  or  auditory  impressions  (subjective  sensations)  being 
provoked  in  the  brain  by  the  excitation,  and  these  impressions 
producing  indirectly  the  action  in  question.  Others  have  supported 
the  view  that  in  all  cases  the  movement  is  the  result  of  the  setting 
np  of  subjective  sensations,  but  that  in  the  case  of  the  frontal  area 
these  are  tactile  or  are  connected  with  the  muscular  sense. 

It  seemed  to  me  that  light  would  be  thrown  upon  the  question  if 
the  period  of  latent  stimulation  of  the  ocular  muscles  were  accurately 
determined  under  exactly  the  same  conditions  for  the  frontal  and 
posterior  (temporal  and  occipital)  areas  respectively.  The  result  of 
this  determination,  which  I  have  made  in  a  number  of  monkeys,  is 
to  show  that  the  latent  period  is  longer  by  some  hundredths  of  a 
second  in  the  case  of  stimulation  of  the  occipital  lobe,  or  of  the 
superior  temporal  gyrus  than  when  the  frontal  area  is  stimulated ; 
thus  indicating  that  in  the  former  case  the  nervous  impulses  must  be 
transmitted  through  at  least  one  more  nerve  centre  than  in  the 
latter. 

*  For  the  exact  limits  of  this  area  see  a  p%per,  "  Ueber  die  motorischen  Rinden- 
centren  des  Affengehirns/'  in  *  Beitrftge  zur  Fhjsiologie,  C.  Lad  wig  gewidmet/ 1886« 
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It  seemed  probable  that  this  additional  centre  woald  be  the  ffontal 
area  itself,  but  farther  experiments  have  proved  that  ttiis  is  not  the 
case — at  least  not  necessarily  so.  For  the  movement  is  still  obtained 
on  exciting  the  occipital  lobe,  or  the  superior  temporal  gjrms,  even 
after  complete  excision  of  the  whole  of  the  frontal  area,  and  indeed 
of  nearly  the  whole  of  the  so-called  motor  region  on  both  sides  of 
the  brain  iu  front  of  the  fissure  of  Rolando.  It  would  seem, 
therefore,  that  under  these  conditions  the  additional  centre  must  be 
looked  for  elsewhere — possibly  in  the  grey  matter  of  the  corpora 
quadrigemina,  or  in  the  basal  ganglia.* 

In  this  investigation,  as  well  as  in  that  related  in  the  preceding 
paper,  I  have  received  much  valuable  aid  from  my  assistant,  Mr.  £. 
P.  France,  whose  services  I  desire  cordially  to  acknowledge. 

The  expenses  have  been  defrayed  by  the  Association  for  the 
Advancement  of  Medicine  by  Research. 
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Professor  G.  G.  STOKES,  D.C.L.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered 
for  them. 

The  following  Papers  were  read : — 

I.  "  On  some  New  and  Typical  Micro-organisms  obtained  from 
Water  and  Soil."  By  Grace  C.  Frankland  and  Percy  F. 
Frankland,  Ph.D.,  B.Sc.  (Lond.),  F.C.S.,  F.LC,  Assoc.  Roy. 
Sch.  of  Mines.  Communicated  by  Professor  T.  H.  HUXLET, 
F.R.S.     Received  February  15,  1888. 

(Abstract.) 

In  a  previous  commnnication,*  the  authors  have  given  a  detailed 
description  of  a  number  of  micro-organisms — Bacilli  and  Micrococci 
— which  they  had  obtained  in  the  course  of  investigations  on  the 
distribution  of  micro-organisms  in  the  atmosphere.  The  present 
paper  deals  similarly  with  a  number  of  typical  and  characteristic 
micro-organisms  which  they  have  derived  from  various  natural 
waters. 

The  authors  refer  to  the  forms  which  have  been  obtained  from 
water  by  previous  observers,  more  especially  to  the  "  peach-coloured 
bacterium,"  the  "  Cladothrix  dichotoma^''^  and  the  "  Crenothrix  kuhnU 
ana^**  as  well  as  to  others  which  have  been  more  recently  isolated  by 
means  of  the  method  of  gelatine-plate  cultivation. 

The  authors  point  out  the  striking  difference  between  the  aerial 
and  aquatic  micro-organisms,  micrococci  being  the  predominant 
forms  amongst  the  former,  whilst  bacillar  forms  are  almost  ex- 
clusively present  in  water.  In  fact  all  the  aquatic  forms  described 
are  bacilli. 

•  "  Studies  on  some  New  Micro-organisms  obtained  from  Air,"  '  Phil.  Trans./ 
r,  Tol,  178,  p.  257. 
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The  chemical  action  which  the  several  micro-organisms  described 
exert  upon  certain  solations  containing  salts  of  ammonia  and  of  nitric 
acid  respectivelj  has  been  investigated  by  one  of  the  authors,  with 
the  result  that  whilst  none  of  the  forms  in  question  were  found  to 
oxidise  ammonia  either  to  nitrous  or  nitric  acids,  several  of  them 
were  found  to  exert  a  powerfully  reducing  action  on  nitrates,  con- 
verting the  latter  into  nitrites,  others  were  without  any  action  on  the 
nitric  acid,  and  others  again  caused  the  disappearance  of  an 
appreciable  proportion  of  the  nitric  acid  without  production  of  a 
corresponding  amount  of  nitrite.  The  authors  point  out  that  these 
differences  in  the  behaviour  of  micro-organisms  when  introduced  into 
solutions  containing  nitrates  are  capable  of  furnishing  very  important 
data  for  distinguishing  between  forms  which  otherwise  present  very 
close  resemblance.  Thus  Bacillus  suhtilis  and  Bacillus  cereus,  pre- 
viously described  by  them  as  closely  resembling  each  other,  can  be 
easily  distinguished  by  the  behaviour  which  they  respectively  exhibit 
towards  the  nitrate-solution,  for  whilst  both  grow  luxuriantly  in  this 
medium,  the  Bacillus  suhiilis  has  no  action  on  the  nitric  acid  which 
can  be  quantitatively  recovered,  the  Ba^llus  cereus,  on  the  other 
hand,  powerfully  reduces  the  nitrate  with  formation  of  nitrite. 

The  nitrate-solution  employed  for  the  purpose  of  these  experiments 
contained  potassium  phosphate,  magnesium  sulphate,  calcium  chloride, 
calcium  nitrate,  invert  sugar,  peptone,  and  an  excess  of  calcium  car- 
bonate. 

The  following  is  a  brief  account  of  the  descriptions  given  of  the 
various  micro-organisms : — 

Bacillus  arborescens. — This  is  seen  under  a  high  power  (  X  1000 
diameters)  to  be  a  slender  bacillus  giving  rise  to  wavy  threads, 
sometimes  of  considerable  length.  No  spores  were  observed.  In 
drop  cultivations  it  is  seen  to  be  vibratory. 

On  gelatine  plates  it  produces  highly  characteristic  colonies.  Under 
a  low  power  (  X  100  diameters)  the  centre  is  seen  to  consist  of  a  thin 
axial  stem  with  root-like  branches  from  each  of  its  two  extremities, 
this  stem  thickens  as  growth  proceeds,  and  the  ramified  extremities 
become  so  largely  developed  that  the  whole  colony  has  the  appearance 
of  a  wheat  sheaf.  The  plate  is  slowly  liquefied,  and  the  periphery  of 
the  colony  extends  irregularly  and  to  some  distance  from  the  centre, 
over  the  surface  of  the  gelatine,  giving  rise  to  beautiful  iridescent 
colours. 

On  potatoes  it  produces  a  fine  deep-coloured  orange  pigment. 

On  nitrates  it  has  no  action  in  the  solution  employed. 

Bacillus  aquatilis. — This  is  a  slender  bacillus  also  giving  rise  to 
wavy  threads.  No  spores  were  observed,  and  the  individual  bacilli 
are  seen  in  drop  oultivations  to  exhibit  only  an  oscillatory  motion. 

On  grelatine  plates  the  contour  of  the  colony  becomes  more  and 
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more  irregular  as  they  approach  the  surface ;  when  liqaefaction  of 
the  gelatine  commences,  which  onlj  takes  place  excessivelj  edowlj, 
iiouvolated  bands  of  threads  are  seen  to  extend  from  the  centre 
towards  the  periphery. 

It  grows  with  great  difficulty  in  all  the  media  employed  with  the 
exception  of  the  aqueous  solution,  in  which  it  grows  abundantly,  but 
does  not  convert  the  nitrate  into  nitrite. 

Bacillus  liquidus, — This  is  a  short  fat  bacillus  of  very  variable 
dimensions.  In  drop  cultivations  they  are  seen  usually  hanging 
together  in  pairs,  and  exhibit  great  motility. 

It  liquefies  the  gelatine,  rapidly  producing  large  circular  depressions 
with  almost  clear  contents  on  gelatine  plates. 

It  produces  a  smooth  shining  expansion  on  agar-agar,  and  on 
potatoes  a  thick  flesh-coloured  pigment. 

It  reduces  the  nitrate  powerfully  in  the  aqueous  solution  em- 
ployed. 

Bacilltu  vermicularU. — This  is  a  large  bacillus  with  rounded  ends, 
giving  rise  to  extensive  vermiform  threads.  It  produces  fine  oval 
spores.   In  drop  crystallisations  it  exhibits  oscillatory  movement  only. 

It  powerfully  reduces  nitrates  to  nitrites. 

Bacillus  nuhilus. — This  is  a  fine  slender  bacillus,  which  gives  rise  to 
wavy  threads.  Ko  spores  were  observed. .  In  drop  cultivations  the 
isolated  bacilli  exhibit  violent  circular  movements  with  but  little 
motion  of  translation. 

On  gelatine  plates  the  growth  is  very  characteristic,  nothing  being 
visible  but  patches  of  cloudy  expansions  with,  in  some  cases,  a  very 
faintly-defined  centre.  The  gelatine  rapidly  becomes  softened,  and 
liquefaction  soon  follows. 

In  gelatine-tubes  the  same  characteristic  cloudy  appearance  is 
produced.  Its  growth  in  the  aqueous  solution  described  results  in 
the  reduction  of  a  very  small  proportion  of  the  nitrate  to  nitrite. 

Bacillus  ramosus. — This  is  a  large  bacillus  much  resembling  B,  suh- 
tUisj  giving  rise  to  long  threads  and  spores,  which  are,  however, 
rounder  in  shape  than  those  of  the  latter  organism.  In  drop  cultiva- 
tions the  isolated  bacilli  exhibit  very  slight  oscillatory  movement. 

The  colonies  on  the  gelatine  plates  are  seen  to  consist  of  a  cloudy 
centre  with  tangled  root-like  branches  which  extend  in  every  direc- 
tion.    Later  liquefaction  of  the  gelatine  takes  place. 

In  gelatine  the  whole  of  the  tube  becomes  impregnated  with  fluffy 
ramifications,  later  liquefaction  takes  place,  and  a  tough  pellicle  forms 
on  the  surface. 

When  grown  on  potatoes,  it  forms  a  dry  continuous  surface 
expansion  which  is  almost  quite  white. 

It  exerts  a  powerfully  reducing  action  on  nitrates  in  the  solution 
emplojrecl. 
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BticiUus  aurantiacus, — This  is  a  short  fat  bacillas  of  very  variable 
dimensions.  No  spores  were  observed.  In  drop  cultivations  the 
isolated  bacilli  are  seen  to  be  motile. 

On  gelatine  plates  it  prodaces  bright  orange  pin-heads,  bnt  on 
potatoes  it  g^ves  rise  to  a  magnificent  brilliant  red-orange  pigment, 
which  does  not  however  extend  far  from  the  point  of  inocala- 
tion. 

It  reduces  the  nitrates  to  nitrites  only  very  slightly  in  the  solotion 
employed. 

Bacillus  vxsGosus. — This  is  a  short  bacillus  about  three  or  four 
times  as  long  as  broad,  occurring  mostly  in  pairs.  No  spores  were 
observed.     It  is  exceedingly  motile. 

It  very  rapidly  liquefies  the  gelatine,  rendering  it  very  viscid  and 
colouring  it  green.  On  agar-agar  the  whole  sni-face  quickly  assnmes 
a  green  tint. 

No  reduction  of  the  nitric  acid  takes  place  when  grown  in  the 
aqueous  solution  described. 

Bacillus  violaceus. — This  is  a  bai'illus  varying  in  thicknesp,  some- 
times appearing  short  and  stout,  but  when  grown  on  agar  assuming 
a  far  more  slender  appearance;  it  also -gives  rise  to  short  threads. 
Spore  formation  was  observed.  In  drop  cnltivations  they  are  seen  to 
be  motile,  the  movement  being,  however,  principally  vibratory  and 
•rotatory. 

It  produces  on  ngar-agar  a  fine  dark  violet  expansion. 

It  powerfully  reduces  nitrates  to  nitrites  when  grown  in  the 
aqueous  solution  employed. 

Bacillus  diffusus.—  A  fine  slender  bacillus  recurring  frequently  in 
pairs,  and  giving  rise  also  occasionally  to  long  undulating  threads. 
No  spores  were  observed.  In  drop  cnltivations  the  bacilli  are  seen  to 
execute  vigorous  oscillatory  and  rotatory  movements,  but  do  not 
traverse  the  field  of  the  microscope. 

On  gelatine  plates  the  colonies  give  rise  on  reaching  the  surface  to 
a  halo,  which,  extending  from  the  centi-e,  spreads  to  a  considerable 
distance  round,  and  is  composed  of  a  very  thin  and  characteristically 
mottled  expansion. 

It  slightly  reduces  the  nitrates  to  nitrites  when  grown  in  the 
aqueous  solution  employed. 

Bacillus  candicans, — This  bacillus  varies  very  much  in  form  in  one 
and  the  same  cultivation  and  still  more  in  cultivations  with  different 
media ;  sometimes  it  has  almost  the  appearance  of  a  micrococcus,  at 
other  times  it  shows  a  tendency  to  grow  into  short  threads.  In  drop 
cultivations  the  same  variety  of  forms  was  obsei'ved,  but  in  no  case 
was  anything  but  oscillatory  motion  visible. 

When  gi'own  on  gelatine  plates  it  produces  surface  expansions 
much  resembling  drops  of  milk. 
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Although  it  grows  abnndantlj  in  the  aqaeons  solatlon  emplojed,  it 
exerts  no  reducing  action  on  the  nitric  acid. 

BaciUtu  scissus, — In  form  this  organism  much  resembles  Ba4siUui 
prodiffiosus.  In  no  case  were  spores  observed.  In  drop  cultivations  it 
is  seen  to  be  verj  motile. 

It  produces  pale  light  green  surface  expansions  on  gelatine  plates 
which,  under  a  low  power  (  X  100  diameters),  are  seen  to  be  of  fine 
g^nular  texture,  the  edge  being  much  frayed  out. 

In  tabes  the  gelatine  and  agar-agar  become  tinted  green. 

It  powerfally  reduces  nitrates  to  nitrites  in  the  solution  employed. 

Of  the  above,  the  first  nine  were  derived  from  water,  whilst  the 
remaining  three  were  obtained  from  garden  soil. 

The  original  descriptions  are  illustrated  by  drawings  of  the  various 
micro-organisms  as  seen  in  microscopic  preparations,  and  of  the 
appearances  to  which  they  give  rise  in  gelatine-plate  and  other  culti- 
vations. 


11.  "  Further  ObservationB  on  the  Electromotive  Properties  of 
the  Electrical  Organ  of  Torpedo  marmorata.*^  By  FranCIS 
Gotch,  M.A.  Oxon.,  B.A.,  B.Sc.  London.  Communicated  by 
Prof.  J.  BuKDON  Sanderson,  F.R.S.  Received  February 
23,  1888. 

(Abstract.) 

In  the  present  memoir  the  author  details  the  results  of  further 
observations  as  to  the  electromotive  properties  of  the  electrical 
organ  of  Torpedo,  the  experiments  being  carried  out  in  October, 
1887,  at  the  laboratory  of  the  Soci6te  Seientifique  d'Arcachon. 

I.  The  firat  part  of  the  work  deals  entirely  with  the  phenomena  of 
"  irreciprocal  conduction  "  in  the  organ  of  Torpedo,  as  described  by 
du  Bois-Reymond. 

From  du  Bois-Reymond's  experiments  it  would  appear  that  the 
organ  possesses  the  remarkable  property  of  conducting  an  intense 
current  of  short  dnration,  led  lengthwise  through  its  columns,  better 
when  the  current  is  directed  from  its  ventral  to  its  dorsal  surface 
than  when  directed  the  reverse  way.  The  former  direction  coincides 
with  that  of  the  current  of  the  shock  of  the  organ,  and  is  therefore 
termed  by  him  "  homodromous,"  the  latter  being  opposite  in  direc- 
tion, is  termed  "  heterodromous."  The  evidence  rests  upon  the  value 
of  the  galvanometric  deflections  obtained  when  both  currents  are 
allowed  to  traverse  a  strip  of  organ  and  a  galvanometric  circuit.  The 
deflections  are  markedly  unequal,  particularly  when  induced  currents 
^y«  n^ed,  the  homodromous  effect  being  always  much  greater  than  the 
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heterodromous.  The  homodromous  cnrrent  mast  therefore  either 
encoanter  less  resistance  than  'the  heterodromous,  or  its  electromotive 
forcer  must  be  snddenlj  strengthened,  and  that  of  the  hcterodromons 
cnrrent  weakened,  bj  the  sadden  establishment  in  the  tissae  of  a  new 
soarce  of  electromotive  energy.  The  first  is  the  view  taken  by 
Professor  da  Bois-Reymond. 

(1.)  The  present  rheotome  experiments  reveal  (a)  the  new  fact 
that  the  passage  of  snch  intense  currents  of  short  daration  is  always 
followed  by  an  excitatory  response  (shock)  in  the  tissae ;  (h)  that  if 
the  intense  current  duo  to  this  response  is  allowed  to  affect  the  gal- 
vanometer as  well  as  the  induced  or  other  exciting  current,  then  by 
obvious  algebraic  summation  the  homodromous  deflection  mast  be 
much  larger  than  the  heterodromoos ;  (c)  and  that  when  by  means  of 
a  fast-moving  rheotome  the  induction  shock  only  is  allowed  to  affect 
the  instrument,  no  irreciprocity  is  found. 

The  author  therefore  assumes  that  the  phenomena  of  irreciprocal 
conduction  are  in  reality  excitatory  phenomena,  the  nature  of  which, 
from  the  methods  of  investigation  used,  have  not  been  recognised. 

(2.)  The  time  relations  of  this  response  of  the  isolated  strip  of  the 
organ  to  the  direct  stimulation  by  the  traversing  induction  shock  are 
now  for  the  first  time  investigated,  by  means  of  the  rheotome,  and  the 
influence  of  temperature  and  other  conditions  upon  these  is  shown  by 
experimental  evidence. 

II.  The  second  part  deals  with  entirely  novel  phenomena,  namely, 
the  excitation  of  the  organ  by  the  current  of  its  own  excitatory  state. 
It  is  shown  that  in  vigorous  summer  fish  every  response  of  the  whole 
or  part  of  the  organ  to  a  single  excitation  of  its  nerves  is  followed  by 
a  second  response,  due  to  the  passage  throagh  its  own  substance  of 
the  intense  current  of  the  first  response.  In  other  words  the  shook 
of  the  organ  excites  its  own  nerve  fibres  and  nerve  endings,  pro- 
dacing  a  feebler  second  shock,  which  in  a  similar  manner  evolves  a 
feebler  third  shock  ;  this  a  foarth,  and  so  on. 

The  response  of  the  isolated  organ  to  nerve  excitation  is  thus 
maltiple ;  a  primary,  secondary,  tertiary  response  following  the  appli- 
cation to  the  nerve  of  a  single  stimulus.  Since  all  those  responses 
produce  currents  similarly  directed  through  the  columns  of  the  organ, 
each  column  daring  its  activity  mast  reinforce  by  its  echoes  the  force 
of  the  primary  explosion,  both  in  its  own  substance  and  also  in  that 
of  its  neighboars. 
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III.  "  Contributions  to  the  Anatomy  of  the  Centitil  Nervoos 
System  in  Vertebi-ated  Animals.  Part  L — Ichthyopedda. 
Section  I. — Pisces.  Subsection  III. — Dipnoi.  On  the  Brain 
of  the  Ceratodus  Forstert'*  By  ALFRED  SANDERS,  M.R.O.S., 
F.L.S.  Communicated  by  Dr.  O&nther,  F.R.S.  Received 
February  23,  1888. 

(Abstract.) 

The  brain  of  Ceratodus  has  the  following  general  arrangement : — 
The  membrane  which  represents  the  pia  mater  is  of  gpreat  thickness 
and  toughness ;  there  are  two  regions  where  a  tela  choroidea  is  de- 
veloped :  one  where  it  covers  in  the  fourth  ventricle,  and  the  other 
where  it  penetrates  throagh  the  third  ventricle  and  separates  the 
lateral  ventncles  from  each  other. 

The  ventncles  are  all  of  large  size,  and  the  walls  of  the  lateral 
ventricles  are  not  completed  by  nervous  tissae.  The  thalamenoe- 
phalon  and  the  mesencephalon  are  narrow,  and  the  medalla  oblongata 
is  wide. 

All  the  cranial  nerves  are  present  except  the  abducens  and  the 
hypoglossal.  There  is  a  large  communicating  hranch  between  the 
trifacial  and  the  vagns.  The  glossopharyngeal  has  no  separate  root, 
but  is  a  branch  of  the  vagns.  The  ganglion  of  t}ie  vagas  is  not  the 
termination  of  the  main  trunk,  bnt  is  an  ofEshoot  from  the  ramns 
lateralis  ;  the  ganglion  gives  ofE  the  branchial  nerves  and  the  ramus 
intestinal  is ;  the  ramus  lateralis  passing  on  without  entering  it. 

In  the  minute  structure  of  the  dorsal  part  of  the  cerebrum  there 
are  four  layers  to  be  seen,  externally  a  layer  of  finely  granular  neu- 
roglia,  with  slight  indications  of  radial  striation;  next  a  layer  of 
larger  sized  cells  ;  then  another  layer  of  neuroglia  with  fibrillsB  having 
a  tendency  to  a  longitudinal  direction ;  finally,  a  layer  of  rounded 
cells  closely  crowded  together  on  the  internal  surface.  The  ventral 
part  of  the  cerebrum  has  only  two  layers — the  external  of  neuroglia 
and  the  internal  of  rounded  cells. 

The  olfactory  lobes  resemble  the  cerebrum  in  structure ;  there  is  an 
internal  layer  of  cells  continuous  with  those  of  the  cerebrum,  and  an 
external  layer  of  glomeruli  olfactorii,  which  seem  as  if  they  were  the 
external  layer  of  the  cerebrum  condensed  ;  between  the  two  there  is  a 
layer  of  longitudinal  fibres  on  which  fusiform  cells  are  developed. 

The  optic  lobes  also  consist  of  four  layers ;  externally  there  is  a 
layer  of  longitudinal  fibrils  derived  from  the  optic  tract;  then  a  layer 
of  smoothly  granular  neuroglia;  then  a  layer  of  transvei-se  fibril]® 
which  collect  into  a  commissure  in  the  central  line  at  the  dorsnl 
surface;  there  are  also  fusiform  and  rounded  cells  sparingly  scattered 
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througli  it ;  the  internal  layer  contains  cells  mostly  rounded.  At  the 
central  line  on  the  dorsal  surface  there  is  a  ganglion  of  large  cells 
resembling  those  of  the  optic  lobe  of  the  Plagiostomata. 

The  cerebellum  is  a  mere  bridge  over  the  fourth  ventricle,  and  its 
structure  presents  the  usual  number  of  layers;  internally  there  is 
the  fibrous  layer  which  ultimately  goes  to  form  the  crura  cerebelli  ad 
mednllam ;  then  the  granular  layer,  the  cells  of  which  are  of  large 
size  compared  to  those  of  the  same  layer  in  Teleostei  and  Plagiosto- 
mata ;  then  comes  a  layer  of  Purkinje  cells,  the  form  and  number  of 
processes  of  which  are  not  uniform  ;  the  external  layer  is  the  molecu- 
lar, which  consists  of  a  coarsely  granular  network  derived  from  the 
processes  of  the  Purkinje  cells,  also  a  network  of  finer  fibrils  and 
many  rounded  cells. 

In  the  spinal  cord  there  are  three  columns  of  longitudinal  fibres  on 
each  side  in  the  white  substance,  viz.,  the  ventral  columns  between 
the  two  ventral  roots  of  the  spinal  nerves,  the  lateral  columns  between 
the  dorsal  and  ventral  roots,  and  the  dorsal  columns  between  the  two 
dorsal  roots;  fibres  of  large  size  are  scattered  throughout  the  two 
former  columns,  but  are  collected  principally  in  the  ventral ;  the  dorsal 
columns  consist  entirely  of  fibres  of  minute  size. 

The  principal  feature  in  the  white  substance  is  a  fibre  of  gigantic 
dimensions  which  is  situated  on  the  summit  of  the  ventral  colunms 
— one  on  each  side;  it  consists  of  a  common  medullary  sheath  enclosing, 
where  the  fibre  is  largest,  about  forty  to  fifty  axis-cylinders ;  these 
have  the  characteristics  of  the  axis-cylinders  of  the  ordinary  fibres  of 
the  white  substance,  but  have  no  separate  medullary  sheaths;  this 
fibre  is  traceable  throughout  the  spinal  cord ;  commencing  opposite 
the  posterior  end  of  the  abdomen,  it  extends  forward  to  a  short  dis- 
tance behind  the  exit  of  the  facial  nerve  ;  it  varies  in  size  and  becomes 
of  the  greatest  diameter  near  the  posterior  end  of  the  medulla  oblon- 
gata; its  axes  escape  through  the  medullary  sheath  and  join  the 
longitudinal  fibres  of  the  ventral  columns ;  near  its  anterior  termina- 
tion all  the  axes  have  escaped  except  one  ;  at  this  point  it  bears  a 
great  resemblance  to  Mauthner*s  fibre  in  the  Teleostei.  This  re- 
maining fibre  decussates  with  that  of  the  other  side  a  short  distance 
behind  the  exit  of  the  facial  nerve  and  joins  the  root  of  that 
nerve. 

In  the  grey  substance  of  the  spinal  cord  there  are  two  series  of 
ganglia — one  in  the  ventral  horn,  which  consists  of  multipolar  cells 
often  of  very  large  size ;  they  send  processes  into  the  ventral  and 
lateral  columns  which  often  become  the  smaller-sized  longitudinal 
fibres.  The  cells  of  the  other  series  are  of  smaller  size  and  are 
situated  in  the  substantia  gelatinosa  centralis ;  they  are  smooth  in 
outline  and  give  off  one  or  two  processes  ;  they  probably  have  to  do 
with  the  dorsal  roots  of  the  spinal  nerves.  Cells  also  of  this  kind 
VOL.  XLin.  t  ^ 
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occnr  at  other  places  as  in  the  fibreo  rect®,  and  in  the  field  of  the 
ventral  oolamns. 

The  traDBverae  commissnres  are — one  in  the  spinal  oord  which 
passea  through  the  substantia  gelatinosa  centralis  over  the  central 
canal ;  another  occurs  on  the  ventral  side  of  the  anterior  part  of  the 
medulla  oblongata  and  corresponds  to  the  commissura  ansnlata  of 
Teleostei ;  it  is  connected  with  tlie  commissure  in  the  dorsal  part  of 
the  optic  lobes.  Two  other  commissures  are  present  corresponding 
respectively  to  the  anterior  and  posterior  commissures  of  the  third 
ventricle  of  Mammalia. 

There  is  no  cJiiasma  of  the  optic  nerve  visible  externally;  what 
there  is  of  it  is  situated  in  the  substance  of  the  thalamenoephalon. 

The  anterior  root  of  the  fifth  nerve  arises  from  a  ganglion  occnpj- 
ing  a  broad  swelling  in  the  lateral  part  of  the  grey  matter  of  the  Boor 
of  the  fourth  ventricle.  The  posterior  root  arises  from  the  summit 
of  the  restiform  bodies. 

The  facial  passes  backwards  in  a  small  tubercle  at  the  junction  of 
the  floor  of  the  fourth  ventricle  with  the  restiform  bodies. 

The  acusticus  arises  from  a  bundle  of  fibres  which  are  situated  on 
the  summits  of  the  ventral  columns,  and  appears  to  be  a  continuation 
forward  of  that  part  of  the  multiaxial  fibre  which  has  not  decussated. 

The  vagus  has  five  roots ;  they  pass  backward  and  enter  in  succes- 
sion the  same  tubercle  as,  and  to  the  outside  of,  the  facial  nerve ;  the 
three  posterior  roots  are  double,  so  that  the  vagas  is  equivalent  to 
eight  nerves,  and  consists  entirely  of  dorsal  roots. 

Two  nerves  are  given  off  from  the  ventral  side  of  the  medulla 
oblongata,  each  of  which  has  two  roots ;  they  do  not  join  the  vagus 
but  pass  back  some  distance  in  the  vertebral  canal  and  emerge  on  u 
level  with  the  exit  of  the  dorsal  roots  of  the  spinal  nerves. 

The  second  and  third  spinal  nerves  sapply  the  pectoral  fin  and 
pursae  the  coarse  usually  followed  by  the  hypoglossal  when  that  nerve 
is  present  in  Teleostei. 

The  fibres  of  the  ventral  roots  of  the  spinal  nerves  enter  in  a  direc- 
tion upward  and  forward  toward  the  inner  edge  of  the  multiaxial 
fibre,  between  it  and  the  central  canal,  and  then  passing  over  the  dorsal 
edge  of  the  same,  are  either  lost  in  the  grey  substance  of  the  ventral 
horn,  join  a  process  of  one  of  the  molti polar  cells,  or  become  one  of 
the  longitadinal  fibi*es  of  the  ventral  column. 

The  brain  of  Ceratodus  presents  an  embryonic  condition  in  three 
respects,  viz.,  first  in  the  extreme  size  of  the  ventricles  and  in  the 
tennity  of  the  substance  of  their  walls;  second,  in  the  alternating 
origins  of  the  dorsal  and  ventral  roots ;  third,  in  the  fact  that  the 
origins  of  the  dorsal  roots  are  close  to  the  central  line. 

Compared  to  Protopterus  it  differs  in  the  shape  and  the  imperfec- 
tion of  the  cerebral  lobes,  and.  in.  th^  fact  of  its  having  a  well-deve- 
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loped  rkinenceplialoii,  bub  ifc  agrees  in  the  narrowness  of  the  thabi- 
inencepbalon  and  mesencephalon  and  in  the  breadth  of  the  medulla 
oblongata,  as  also  in  the  radimentarj  character  of  the  cerebellum. 

Ceratodus  e^grees  also  with  the  Ganoids  in  the  comparative  narrow- 
ness of  the  mesencephalon  and  in  the  proportions  of  the  cerebellum. 

"With  the  Plagiostomata  it  agrees  in  the  structure  of  the  optio 
lobes,  both  orders  presenting  a  ganglion  of  largo  cells  in  the  dorsal 
part.  With  the  Teleostei  it  agrees  in  the  multiaxial  fibres  which,  a 
short  distance  anterior  to  its  termination,  resemble  the  Mauthner's 
fibres,  also  in  the  position  and  the  fact  of  their  decussation. 

With  Petromyzon  it  agrees  in  the  structure  of  the  tela  choroidea 
which  covers  the  fourth  ventricle. 
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at   Crowborough   Observatory,   Sussex.     Folio.     Crowbarottgh 
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The  Author. 
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lania  (Owen),  and  Meiolania  (Owen).  8vo.  [London"}  1888. 
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March  lo,  1888. 

ProfesBor  G.  G.  STOKES,  D.C.L.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  oi*derod 
for  them. 

Professor  Oliver  Joseph  Lodge  (elected  1887)  was  admitted  into 
the  Society. 

The  following  Papers  were  read : — 

I.  **  On  certain  Mechanical  Propeiiies  of  Metals,  considered  in 
Relation  to  the  Periodic  Law."  By  W.  Chandler  Roberts- 
Austen,  F.R.S.,  Professor  of  Metallurgy,  Normal  School  of 
Science,  and  Royal  School  of  Mines,  South  Kensington. 
Received  March  15,  1888. 

(Abstract.) 

The  author  points  to  the  great  industrial  importance  of  the  in- 
fluence exerted  by  small  quantities  of  metallic  and  other  impurities 
on  masses  of  metals  in  which  they  are  hidden.  He  states  that  this  is 
most  marked  in  the  case  of  iron,  and  that  when  Bergman  discovered, 
in  1781,  that  the  difference  between  wrought  iron,  steel,  and  cast 
iron  depends  on  the  presence  or  absence  of  a  small  amount  of 
"  graphite,"  he  was  astonished  at  the  smallness  of  the  amount  of 
matter  which  is  capable  of  producing  snch  singular  changes  in  the 
properties  of  iron.  The  evidence  as  to  the  importance  of  small 
quantities  of  imparity  is  quite  as  strong  in  other  directions  at  the 
present  day,  as  is  shown  by  the  statement  of  Sir  Hnssey  Vivian,  that 
one- thousandth  part  of  antimony  converts  '^  best  select  "  copper  into 
the  worst  conceivable,  and  by  the  assertion  of  Mr.  Preece,  that  '*  a 
submarine  cable  made  of  the  copper  of  to-day,*'  now  that  the  neces- 
sity for  employing  pure  copper  is  recognised,  "  will  carry  doable  the 
number  of  messages  that  a  similar  cable  of  copper  would  in  1858,'' 
when  the  influence  of  impurities  in  increasing  the  electrical  resistance 
of  copper  was  not  understood. 

Allusion  is  made  to  the  effect  of  a  small  quantity  of  tellurium  on 
bismuth.  Commercially  pure  bismuth  has  a  fracture  showing  brilliant 
mirror-like  planes,  but  if  one-thoosandth  part  of  tellurium  be  preseat 
the   fracture   is   minutely  crystalline.     Specimens  of  such  bismuth 
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viere  irobmitted  to  the  Society.  The  author  states  that  in  his  own 
experiments  he  has  employed  gold  prepared  by  himself  with  great 
care,  the  pnrity  of  which  has  been  recognised  by  M.  Stas.  A 
portion  of  this  gold  was  recently  used  by  Professor  Thorpe  in  a 
determination  of  the  atomic  weight  of  gold.  Gk>ld  was  selected 
for  the  experiments  for  the  following  reasons  :-^It  can  be  prepared 
of  a  very  high  degree  of  purity ;  it  possesses  considerable  tenacity 
and  ductility;  the  accuracy  of  the  resuU<s  of  the  experiments  is 
not  likely  to  be  disturbed  by  the  oxidation  of  the  metal  or  by  the 
presence  of  occluded  gases  ;  and  the  amount  of  impurity  added  to  the 
gold  can  be  determined  with  rigorous  accuracy.  The  influence  of 
small  quantities  of  metallic  impurity  in  rendering  gold  brittle  has 
long  been  known,  and  is  frequently  referred  to  by  the  older  metallur- 
gists, especially  by  Geber,  Biringuccio,  and  Gbllert^  and  by  Robert 
Boyle.  The  first  systematic  experiments  on  the  s abject  were  made 
by  Hatchett  at  the  request  of  the  Privy  Council,  and  were  com- 
municated to  the  Royal  Society  in  1803.  Hatchett  concluded  that 
certain  metals,  even  when  present  in  so  small  an  amount  as  the  ttW 
part  of  the  mass,  will  render  gold  brittle,  and  he  stated  that  ^'  The 
different  metallic  substances  which  have  been  employed  in  these 
experiments  appear  to  effect  gold  in  the  following  decreasing  order  :— 
1.  Bismuth;  2.  Lead;  3.  Antimony;  4.  Arsenic;  5.  Zinc;  6.  Cobalt; 
7.  Manganese;  8.  Nickel ;  9.  Tin;  10.  Iron  ;  11.  Platinum  ;  12.  Cop- 
per; 13.  Silver."  Mr.  Hatchett  did  not,  however,  employ  pure  gold, 
and  in  his  time  the  impoi*tance  of  submitting  metals  to  mechanical 
tests  was  not  understood. 

The  author  then  proceeds  to  describe  the  results  of  his  own  experi- 
ments, and  he  states  that  in  selecting  tenacity  as  the  test  to  which 
the  metal  should  be  submitted  with  a  view  to  ascertain  the  effect  of 
the  added  matter,  the  following  considerations  presented  themselves. 
W.  Spring  has  built  up  alloys  by  compressing  the  powders  of  the 
constituent  metals,  and  by  pointing  to  the  evidence  of  molecular 
mobility  in  solid  alloys  he  has  done  much  to  show  the  close  connexion 
which  exists  between  cohesion  and  chemical  affinity.  Raoul  Pictet 
considers  that  there  is  intimate  relation  between  the  melting  points  of 
metals  and  the  lengths  of  their  molecular  oscillations,  the  length  of 
the  oscillation  diminishing  as  the  melting  point  rises ;  and,  as  Car- 
nelley  has  pointed  out,  "  We  should  expect  that  those  metals  which 
have  the  highest  melting  points  would  also  be  the  most  tenacious.** 
It  is  known  that  the  melting  points  of  metals  are  altered  by  the 
presence  of  small  quantities  of  foreign  matter,  and  their  cohesion  is 
also  thereby  altered.  The  degree  of  cohesion  may  thus  be  investi- 
gated either  by  the  aid  of  heat  or  by  mechanical  stress.  It  might 
be  well  to  ascertain  the  amount  of  change  in  the  melting  point  of 
gold  produced    by  the  presence  of  the  different  elements  in  small 
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quantity,  but,  nnfortnnaielj,  slight  yariations  in  Bigh  melting  points 
are  very  difficult  to  determine  with  even  approximate  accuracy, 
11  nd  it  appeared  to  be  better  to  ascertain  the  effect  of  metallic  and 
other  impurities  on  the  cohesion  of  the  gold,  an  indicated  by  the 
amount  of  force  externally  applied  in  an  ordinary  testing-machine, 
and  in  that  way  to  ascertain  whether  the  effect  of  added  metals  is 
amenable  to  any  known  law. 

The  purest  gold  attainable  has  a  tenacity  of  7'0  tons  per  square 
inch,  and  an  elongation  of  30*8  per  cent,  on  3  inches.  Professor 
Kennedy  found  that  a  l^is  pure  sample  which  contained  999*87  parts 
of  gold  in  1000,  broke  with  a  load  of  6*29  tons  per  square  inch ;  it 
had  an  elastic  limit  of  2*  12  tons  per  square  inch,  and  elongated  18*5 
per  cent,  before  breaking.  In  the  following  experiments  only  the 
purest  gold  that  could  be  prepared  was  employed.  The  effect  on  the 
tenacity  of  gold  produced  by  adding  to  it  about  0'2  per  cent,  of 
various  metals  and  metalloids  is  shown  in  the  following  table,  in 
which  the  results  are  arranged  according  to  the  tensile  strengpths : — 


Nam«  of  element 
added. 


Potassium 

Birmuth 

Tellurium 

Lead 

Thallium 

Tin 

Antimony     

Cadmium 

surer 

Palladium 

Zinc 

Rhodium 

Manganese 

Indium    

Copper 

Lithium    

Aluminium 


Tensile 
strength. 


Elongation, 

per  cent,  (on 

8  inches). 


Tons  per  sq.  in. 
Less  than  0*5. 

0 
8 

'5  (about) 
•88 

4 

•17 

6 

•21 

6 

•21 

6 
6 

•0  (about) 
•88 

7 

•10 

7- 

10 

7 

•64 

7" 

76 

7- 

09 

7 

•99 

8 

22 

8 

•87 

8 

•87 

Not  perceptible. 


» 

»» 
4-9 
8-6 
12'3 

qy- 

440 
38  3 
82^6 
23-4 
250 
29-7 
26-5 
43  •$ 
21  0 
25-5 


Ato*nio 

Impuritj 

Tolume 

per  cent. 

of  im- 

purity. 

Less  than  0  '2 

461 

0-210 

20-9 

0186 

2)6 

0*240 

18  0 

0  198 

17^2 

0  196 

16-2 

0  203 

17  9 

0-202 

12  9 

0-200 

10  1 

0-205 

9-4 

0  206 

91 

0-21  (about) 

84 

0-207 

6  8 

0  290 

lo3 

0  193 

7-0 

0201 

11-8 

0  186 

10-1 

Reasons  are  gi^eu  for  adding  the  comparatively  large  amounts  of 
impurity  (two-tenths  per  cent.),  notwithstanding  that  even  "  traces  " 
of  certain  metals  woald  have  produced  very  marked  effects  upon  gold, 
and  evidence  is  adduced  to  show  that  exact  concordance  in  the 
respective  amounts  of  matter  added  to  the  gold  is  not  of  much  im- 
portance. 
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The  testing-maobme  employed  is  of  the  form  devised  bj  Professor 
OoUner,  and  used  bj  him  at  Prague.  It  is  a  doable  lever  vertical 
machine  working  np  to  a  stress  of  20  tons. 

The  author  points  out  that  these  results  lead  to  the  conclusion  that 
the  tenacity  of  gold  is  affected  by  the  elements  in  the  order  of  their 
atomic  volumes,  and  he  discusses  the  evidence  in  favour  of  this  view 
at  some  length,  pointing  especially  to  the  fact  that  while  those  ele- 
ments, the  atomic  volumes  of  which  are  higher  than  that  of  gold, 
gi'catly  diminish  its  tenacity,  silver,  which  has  nearly  the  same  atomic 
volume  as  gold,  hardly  affects  either  its  tenacity  or  its  extensibility. 
He  shows  that,  so  far  as  the  experiments  have  been  conducted,  not  a 
single  metal  or  metalloid  which  occupies  a  position  at  the  base  of 
either  of  the  loops  of  Lothar  Meyer's  curve  (which  is  a  graphical 
representation  of  the  periodic  law  of  Newlands  and  Mendeleef) 
diminishes  the  tenacity  of  gold,  while,  on  the  other  hand,  metals 
which  render  gold  fragile  all  occupy  higher  positions  on  Meyer's 
curve  than  gold  does,  and  he  urges  that  the  relations  between  these 
small  quantities  of  the  elements  and  the  masses  of  metal  in  which 
they  are  hidden  are  under  the  control  of  the  law  of  periodicity, 
which  states  that  ''The  properties  of  the  elements  ai-e  a  periodic 
function  of  their  atomic  weights."  Camelley  has  given  strong  evi- 
dence in  favour  of  supplementing  the  law  as  follows  : — "  The  proper- 
ties of  compounds  of  the  elements  are  a  periodic  function  of  the 
atomic  weights  of  their  constituent  elements,"  and  the  question 
arises.  May  the  law  be  so  extended  as  to  govern  the  relations 
between  the  constituent  metals  of  alloys  in  which,  as  is  well  known, 
the  atomic  proportions  are  often  far  from  simple  ? 

The  effect  on  gold  of  small  but  varying  quantities  of  metals  singly 
and  in  presence  of  other  metals,  demands  examination,  and  their 
influence  on  the  specific  gravity  of  gold  must  be  ascertained.  Until 
this  hsis  been  done  no  explanation  as  to  the  mode  of  action  of  ole* 
ments  with  large  atomic  volumes  will  be  attempted. 


II.  "  Report  of  the  Observations  of  the  Total  Solar  Eclipse  of 
August  29,  1686,  made  at  Grenville,  in  the  Island  of 
Grenada."  By  H.  H.  Turner,  M.A.,  B.Sc,  Fellow  of 
Trinity  College,  Cambridge.  Communicated  by  the  Astro- 
nomer Royal.     Received  Febniary  23,  1888. 

(Abstract.) 

The  first  part  of  the  paper  gives  details  of  the  general  arrange* 
ments  made  for  observation — the  selection  of  a  site,  the  erection  of 
the  instruments  and  a  hut  to  cover  them;  and  refers  to  the  unfavour* 
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able  conditions  under  which  the  observations  were  made.  The  second 
part  gives  the  resalts  of  the  observations.     These  were  of  two  kinds. 

1.  Before  and  after  totality  the  order  of  appearance  and  disappear- 
ance of  a  number  of  bright  lines  in  the  spectram  of  the  chromosphere 
and  inner  corona  was  watched.  The  lines  selected  were  those  observed 
bj  Mr.  Lockjer  in  the  Egyptian  eclipse  of  1882,  and  the  observations 
were  undertaken  with  a  view  to  the  confirmation  of  his  results. 

The  lines  are  denoted  for  convenience  by  small  letters  as  follows : — 


a 4870-4. 

b 4871-2 

c 4890-0 

d 4890-4 


e 4917-9 

/ 4919-6 

g 4923-1 


h 4932-5 

t   4933-4 

k 4956-5 

/ 4970-0 


With  this  nomenclature  a  table  given  by  Mr.  Lockyer  in  a  short 
account  of  his  results  (*  Roy.  Soc.  Proc.,'  vol.  34,  1863,  pp.  291,  Ac.) 
shows  that  lines  g  and  I  are  seen  by  Tacchiui  in  prominences,  while 
a,  bf  c,  dy  6,  /,  and  k  are  seen  in  spots. 

Mr.  Lockyer  saw  g  and  i  7  minutes  before  totality, 
and  in  addition  k  and  Z  3         „  „ 

and  all  the  lines         .  •  2         „  „ 

In  my  own  observations  I  saw  g  3  minutes  before  totalily, 

and  in  addition  i  40  seconds  „ 

while  the  moment  of  appearance  of  all  the  lines  was  indistinguishable 
from  the  commencement  of  totality. 

After  totality  clouds  obscured  the  sun  for  a  short  time;  but  on 
their  clearing  the  visibility  of  g  and  k  was  noted ;  i  could  not  be  seen. 

The  three  lines  g,  i,  and  k  were  extremely  short,  and  did  not  appear 
to  extend  beyond  the  chromosphere  before  and  after  totality. 

The  unfavourable  conditions  under  which  the  observations  were 
made  as  compared  with  Mr.  Lockyer's — with  a  low  sun  and  through 
passing  clouds,  and  an  atmosphere  charged  with  moisture  which 
doubtless  diminished  the  light  in  this  region  of  the  spectrum  con- 
siderably— perhaps  account  in  some  measure  for  the  striking  differ- 
ence in  vividness  of  the  phenomena.  The  solar  activity  was  also 
much  nearer  minimum  in  1886  than  in  1882.  As  far  as  they  go,  how- 
ever, the  observations  are  confirmatory  of  Mr.  Lockyer*s,  except  in 
the  visibility  of  the  line  k  after  totality.  This  line  was  not  noted 
before  totality,  and  it  is  possible  that  the  observation  may  be  spurious, 
although  the  evidence  for  it  is  as  good  as  that  for  all  the  obser- 
vations, which  were  found  to  be  generally  of  a  difficult  character.  The 
instrument  used  was  a  6-inch  refractor  by  Simms,  with  a  grating 
spectroscope,  the  grating  being  1^  inch  square,  ruled  with  17,000  lines 
to  the  icch.     The  second  order  of  spectrum  was  used. 
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2.  During  totality  I  was  directed  to  look  for  cnrrents  in  the  corona. 
I  can  only  report  a  negative  result.  The  stmctnre  of  the  corona 
appeared  in  a  4-inch  refractor,  with  a  power  of  80,  to  be  radial  to 
the  limb  throughout,  and  no  striking  differences  in  special  localities 
were  noticed. 

Appended  to  the  paper  are  two  drawings  which  do  not  attempt  to 
give  more  than  the  distances  to  which  the  coronal  rays  extended  in 
various  directions.  One  was  made  by  Mr.  St.  George  with  an  opera 
glass,  and  the  other  by  Lieutenant  Smith  with  the  naked  eye ;  but  in 
the  latter  case  the  observer's  eyes  had  been  specially  covered  fifteen 
minutes  before  totality,  and  the  brighter  portions  of  the  corona 
were  screened  from  him  by  a  disk  of  angular  diameter  three  times 
that  of  the  moon.  He  consequently  traced  the  rays  much  further 
than  Mr.  St.  George,  though,  allowing  for  this  difference  in  conditions, 
the  drawings  are  fairly  accordant. 

III.  "  On  the  Ultra-Violet  Spectra  of  the  Elements.    Part  III. 

Cobalt  and  Nickel."     By  G.  D.  Liveing,  M.A.,   F.R.S., 

Professor  of  Chemistry,  and  J.  Dewar,  M.A.,  F.R.S.,  Jack- 

sonian    Professor,    University    of   Cambridge.      Recaived 

February  27,  1888. 

(Abstract.) 

The  authors  compare  the  results  obtained  by  the  Rutherfurd 
grating  which  they  used  in  measuring  the  wave-lengths  of  the  iron 
lines  with  those  obtained  with  the  larger  Rowland's  grating  used  for 
measuring  the  wave-lengths  recorded  in  this  paper,  and  find  them 
closely  concordant.  They  next  compare  the  measures  of  wave-lengths 
of  the  cadmium  lines  obtained  by  them  by  means  of  a  plane 
Rowland's  grating  and  a  goniometer  with  an  18-inch  graduated 
circle  with  those  obtained  by  Bell  with  a  large  concave  grating  of 
20  feet  focal  length.  The  result  of  the  comparison  is  that  the  plane 
grating  gives  measures  which  agree  very  closely  with  those  given  by 
the  concave  grating,  while  the  former  gives  more  light  and  is  better 
for  complicated  spectra,  such  as  those  described  in  this  paper,  because 
the  overlapping  spectra  of  different  orders  are  not  all  in  focus 
together  as  they  are  when  a  concave  grating  is  used. 

The  authors  give  a  list  of  580  ultra-violet  lines  of  cobalt  and  408 
lines  of  nickel.  They  find  a  certain  general  resemblance  of  the  two 
spectra,  but  no  such  exact  corrrespondence  as  the  close  chemical  rela- 
tionship of  the  two  metals  would  render  probable.  They  point  out 
that  the  coincidences  of  lines  of  the  two  metals  are  hardly,  if  at  all, 
moro  in  number  than  would  have  been  the  case  if  the  distribution  of 
the  lines  had  been  fortuitous.     They  give  a  map  of  each  spectrum  to 

o 

the  same  scale  as-  Angstrom's  normal  solar  spectrum. 
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IV.  '*A  Class  of  Functional  Invariants."  By  A.  R.  Forsyth, 
M.A.,  F.R.S.,  Fellow  of  Trinity  College,  Cambridge. 
Received  March  7,  1888. 

(Abstract.) 

The  memoir  is  occupied  with  the  investigation  of  a  class  of 
functional  invariants,  constituted  by  combinations  of  the  partial 
differential  coefficients  of  a  f auction  of  more  than  one  independent 
variable.  As  the  number  of  independent  variables  is  limited  to  two, 
partly  for  the  sake  of  conciseness,  the  general  definition  of  such  an 
invariant  is  that  it  is  a  function  <f>  of  the  partial  differential  coefficientg 
of  a  dependent  variable  z  unth  regard  to  x  and  y,  such  that  when  the  inde- 
pendent variables  are  changed  to  X  and  Y,  and  the  sarne  function  ^  w 
formed  with  regard  to  the  new  variablesy  the  relation 


is  satisfied,  where 


<I>  =  J»0 


J  _  9(a?>  y) 

a(x,y) 


The  transformations  for  which  detailed  results  are  given  are  of  the 
bomographic  types : 


X 


y 


«i4-AX-f7iY        *,  +  /i3X4-72Y        og-f /^sX  +  VaY* ' 


so  that 


J  = 


«1    >   «3   >   «3 


ft    >  P%>      ft 


7i  »  72  I  73 


(«3  +  ftX+73Y)-8. 


The  characteristic  properties  of  snch  invariants  are — 

(i.)  Every  invariant  is  explicitly  free  from  the  variables  «,  a?,  y, 

but  necessarily  contains  p  and  q ; 
(iL)  It  is  homogeneous  in  the  differential  coefficients  of  «f,  and  is 

of  uniform   and  the  same  grade  in   differentiations  with 

regard  to  each  of  the  independent  variables ; 
(iii.)  It  is  symmetric  or   skew  symmetric  with   regard  to  these 

difierentiations ; 
(iv.)  It  satisfies  four  form-eqaations,  viz.  :  — 
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and  two  index-equations,  viz. :— 

3X0=|,|+23|  +  2r^  +  3.^  +  4*|+ 

in  the  last  two  of  which  \  is  the  index,  an  integer  determinable  from 
the  form  of  0  by  iDspection.  In  these  equations  p  and  q  are  the  partial 
differential  coefficients  of  the  first  order ;  r,  s,  t  those  of  the  second 
order ;  a,  6,  c,  d  those  of  the  third  order ;  and  so  on. 

An  invariant  is  said  to  be  proper  to  the  rank  n,  when  the  highest 
differential  coefficient  of  z  occurring  in  it  is  of  order  n.  By  means 
of  the  solutions  of  the  equations  Ai0  =  A20  =  A30  =:  A40  =  0,  con- 
sidered as  simultaneous  partial  equations,  and  by  asing  the  remaining 
equations,  the  following  propositions  relating  to  irreducible  invariants 
in  a  single  dependent  variable  z  are  established  : — 

Invariants  can  be  ranged  in  sets,  each  set  being  proper  to  a  parti- 
cular rank ; 

There  is  no  invariant  proper  to  the  rank  1 ,  and  there  is  one,  viz , 
qh'—2pq8-^p%  proper  to  the  rank  2 ; 

There  are  three  invariants  proper  to  the  rank  3  ; 

For  every  value  of  n  greater  than  3,  there  are  n+l  invariants 
proper  to  the  rank  n,  which  can  be  chosen  so  as  to  be  linear  in 
the  partial  differential  coefficients  of  order  n. 

Every  invariant  can  be  expressed  in  terms  of  this  aggregate  of  irre- 
ducible invariants ;  and  the  expression  involves  invariants  of  rank  no 
higher  than  the  order  of  the  highest  differential  coefficient  which 
occurs  in  that  invariant. 

A  special  class  of  invariants,  proper  to  ranks  in  numerical  succession, 
is  given  by  combinations  of  A^,  A^,  Ag,  ....  where — 
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Ai  =   (a,  6,  c,  (^3C(7,-P)^ 

Aj  =  (e,/,  A:,  ^,  t3C<Z>-l')*»  .  '  •  .  ; 

and  the  combinations  are  sacli  that,  when  the  transformations 

A«.,  =  m  !  (w— 1)  C-j 

are  effected,  the  resulting  forms  are  the  same  combinations  of  the 
quantities  C  as  the  leading  coefficients  of  the  fundamental  covariants 
of  a  binary  qnantic. 

Some  of  the  properties  of  the  irreducible  invariants  involving 
differential  coefficients  of  two  dependent  variables  z  and  «'  are 
obtained ;  and  in  particular  it  is  shown  that  there  is  a  single  simul- 
taneous  irreducible  invariant,  pg'^p^q  proper  to  the  rank  1,  and  that 
there  are  four  such  invariants  proper  to  the  rank  2.  • 

The  theory  of  eduction  is  next  considered.     A  number  of  eductive 

q^ P-^)  are  given ;  such  an  operator, 

applied  to  an  absolute  invariant,  educes  another  absolute  invariant. 
Some  illastrations  are  given,  and  some  results,  the  analogues  of 
reversor  operations,  are  obtained  by  means  of  successive  educts. 

Finally  it  is  shown  that  the  theory  of  binary  forms  can  be  partly 
connected  with  the  theory  of  functional  invanants.  The  equations 
A30  =  0  =  A40  are  satisfied  by  Aq,  A^,  An,  .  .  .  .,  so  that  these  quan- 
tities may  be  regarded  as  a  succession  of  binary  quantics  in  q  and 
— p  as  variables ;  and  the  same  equations  are  characteristic  of  the 
simnltaneous  concomitants  of  such  qaantics.  The  functional  invariants 
can  therefore  be  expressed  in  terms  of  these  simultaneous  con- 
comitants. 
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March  22, 1888. 

Professor  G.  G.  STOKES,  D.C.L.,  President,  in  the  Chair. 

The  Presents  received  were  laid,  on  the  table,  and  thanks  ordered 
for  them. 

The  Right  Hon.  Charles  Douglas  Bichard  Hanbury-Tracy,  Lord 
Sndeley,  whose  certificate  had  been  suspended  as  required  hj  the 
Statutes,  waa  balloted  for  and  elected  a  Fellow  of  the  Societj. 

The  following  papers  were  read : — 

L  "  On  the  Skull,  Brain,  and  Auditory  Organ  of  a  new  Species 
of  Pterosaurian  (Scaphognathus  Pardoni)  from  the  Upper 
Lias,  near  Whitby,  Yorkshire."  By  E.  T.  Newton,  F.G.S., 
F.Z.S.,  Geological  Survey.  Communicated  by  Dr.  ARCHI- 
BALD Geikie,  F.R.S.    Received  March  1,  1888. 

(Abstract.) 

The  fossil  Pterodactyl  skull  which  is  the  subject  of  this  com- 
munication was  obtained  from  the  Upper  Lias  of  Lofthouse,  near 
Whitby,  by  the  Kev.  D.  W.  Purdon,  of  Wolverhampton.  It  is  the 
first  Pterodactyl  found  in  the  Yorkshire  Lias,  and  is  a  new  form, 
allied  to  the  Continental  Jurassic  species  Scaplwgnathiis  (Pterodactylus) 
crassirostris  of  Goldfuss.  The  structure  of  the  skull,  including  the 
back,  base,  and  palatal  regions,  is  better  shown  than  in  any  pre- 
viously discovei-ed  specimen ;  and  in  addition  to  this  the  brain  and 
parts  of  the  auditory  organs  have  been  exposed. 

In  its  present  condition  the  skull  is  about  five  and  a  half  inches 
long;  but  apparently  about  two  inches  of  the  front  are  wanting. 
The  elongated  snout  gives  the  skull  a  very  birdUike  appearance ; 
but  its  most  striking  features  are  the  five  apertures,  surrounded  by 
bone,  seen  on  each  side.  The  orbit  is  the  largest  of  these  apertures  ; 
in  front  of  this,  and  next  in  size,  is  the  ant-orbital  fossa ;  still  further 
forward  is  the  somewhat  smaller  external  nostril.  Behind  the  orbit 
is  the  temporal  space,  divided  by  a  bony  bar  into  the  supra-  and  infra- 
temporal fosses.  The  premaxillee  are  united  to  form  the  prenasal 
part  of  the  snout,  and  send  backwards  an  upper  median  process 
which  meets  the  frontals  between  the  orbits.  The  maxilla  is  not 
clear] f  divided  from  the  premaxilla ;  but  there  can  be  no  doubt  that 
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the  bone  separating  the  nasal  apertnre  f]*om  the  ant-orbital  fossa  is  a 
process  of  the  maxilla.  Alveoli  for  fonr  teeth  are  preserved  on 
each  side  ;  but  it  is  not  quite  certain  whether  thej  all  belong  to  the 
premaxillas. 

On  the  upper  surface  of  the  skull  are  to  be  seen  the  nasals  and 
prefrontals,  on  each  side  of  the  premaxillarj  process.  The  frontals 
form  the  upper  boundaries  to  the  orbits  and  are  confluent  posteriorly 
with  the  parietals.  The  supra-occipital  region  has  been  broken  awaj. 
Strong  buttresses  extend  outward  from  the  postfrontal  and  parietal 
regions  to  form  the  supra-temporal  bar.  There  is  on  each  side  a 
large  lachrymal  bone  forming  the  greater  part  of  the  upper  and 
binder  boundary  of  the  ant-orbital  fossa.  The  jugal  and  quadrato-jagal 
are  of  a  somewhat  unasual  form  ;  the  former  bounding  the  lower  half 
of  the  orbit,  and  the  latter  enclosing  in  an  open  Y  the  greater  part  of 
the  infra-temporal  fossa.  The  quadrate  is  a  wide  but  thin  plate  seen 
chiefly  at  the  back  of  the  skulL  The  base  of  the  cranium  is  re- 
markable for  its  depth  and  extreme  an tero- posterior  flattening; 
and  viewed  from  behind,  a  pair  of  long  rods  are  seen  extending  from 
its  lower  margin,  one  on  each  side,  to  the  inner  angles  of  the  quad- 
rates. These  bones  are  regarded  as  the  homologues  of  the  basi-ptery- 
^id  processes  of  the  sphenoid,  such  as  are  seen  in  some  lizards  and 
birds,  as  for  example  in  the  Chameleon  and  Emu. 

From  the  point  of  junction  of  the  quadrate  and  basi-pterygoid 
process  a  bone  runs  along  the  palate,  and  dividing  anteriorly  forms 
the  hinder  boundary  of  the  internal  nostril,  its  outer  portion  joining 
the  maxilla  and  its  inner  being  continuous  with  a  median  bone 
oocapying  the  position  of  a  vomer.  This  bony  bar,  it  is  thought, 
rupresents  the  palatine  and  pterygoid  bones,  and  its  relations  agree 
Ijetter  with  those  of  the  lizard  than  with  those  of  the  bird,  seeing 
that  it  does  not  come  into  such  close  contact  with  the  base  of  the 
skull  as  it  does  in  birds,  but  is  thrust  outwards  by  the  long  basi- 
pteiygoid  process. 

The  back  of  the  skull  is  essentially  lacertilian.  A  large  parocci- 
pital  bone  extends  outwards  from  the  sides  of  the  foramen  magnum, 
and  its  distal  end  expanding,  embraces  the  upper  part  of  the  quad- 
rate. The  relation  which  the  base  of  the  paroccipital  bears  to  the 
semicircular  canals  shows  that  it  must  be  chiefly  formed  by  the 
opisthotic  element,  as  Prof.  W.  K.  Parker  has  shown  to  be  the  case 
in  liasrds,  and  not  by  the  exoccipital  as  it  is  in  birds. 

By  removing  the  frontal  and  parietal  bones  of  the  left  side,  a  cast  of 
the  brain  cavity  has  been  exposed,  which  there  can  be  no  doubt 
represents  the  form  of  the  brain,  just  as  closely  as  does  that  of  a 
bird's  cranial  cavity.  In  proportion  to  the  size  of  the  entire 
skull,  the  brain  of  this  Pterodactyl  is  very  small,  being  not  more 
than  one-eighth  of  its  length.     Each  cerebral  lobe  is  oval  in  shape, 
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and  about  as  thick  an  it  is  wide.  The  olfactory  lohe  ia  small. 
Behind  the  cerebrnm  is  a  pair  of  large  optic  lobes,  ocoapying  a 
prominent  position  on  the  sides  of  the  brain,  and  extendinst  upwards 
well  to  the  upper  surface,  but  not  meeting  above  in  the  middle 
line.  The  region  of  the  cerebellum  has  been  broken  awaj,  and 
its  exact  form  therefore  is  somewhat  uncertain;  but  judging  from 
portions  which  remain,  it  is  tolerably  clear  that  it  extended  between 
the  optic  lobes,  and  may  have  reached  as  far  forwards  as  the  cere- 
brum. Attached  to  the  side  of  the  medulla  oblongata  is  a  large 
flocculas,  such  as  occurs  in  this  position  in  birds. 

It  was  the  finding  of  the  flocculus  which  led  to  the  discoTery  of 
some  parts  of  the  auditory  apparatus.  On  clearing  away  the  stone 
in  this  region,  a  small  tube  filled  with  matrix  was  found  arching 
over  the  pedicle  of  the  flocculus  and  dipping  down  between  it  and  the 
optic  lobe.  This  tube  occupies  the  position  of  the  anterior  vertical 
semicircular  canal  in  the  goose.  By  tracing  the  canal  backwards 
and  downwards  it  was  found  to  join  another  similar  tube  forming  an 
arch  behind  the  flocculus,  that  is,  in  just  the  position  of  a  posterior 
vertical  semicircular  canal.  By  careful  excavation  below  the  floocn- 
lus,  a  portion  of  a  third  tube  was  found,  arching  outwards  in  a 
horizontal  plane,  and  this  is  believed  to  be  the  external  semicircular 
canal. 

The  similarity  between  the  base  of  the  fossil  skull  and  that  of  the 
Chameleon  led  to  the  inference  that  the  fenestra  ovalis  would  be 
found  to  be  similarly  placed  in  both,  and  by  clearing  away  the  matrix 
from  the  orbit  and  temporal  fossa  this  inference  was  proved  to  be 
correct.  The  form  and  relations  of  the  quadrate  bone  make  it  highly 
probable  that  this  Pterosaurian  had  no  ear-drum. 

A  comparison  of  this  fossil  with  the  skulls  of  known  Pterosanria, 
leaves  no  doubt  that  it  is  more  nearly  related  to  the  Scaphognaihtu 
(^Pterodactyl us)  crassiroatrU  than  to  any  other  species,  but  as  it  differs 
from  that  form,  and  is  evidently  new,  it  is  to  be  named  specifically 
Scaphognathus  Furdoni. 

The  Pterosaurian  skull,  as  exemplified  by  this  Lias  fossil,  resembles 
more  the  Lacertilian  than  any  other  type  of  Reptile  skull;  and  seeing 
that  the  skulls  of  birds  and  lizards  are  in  many  points  very  similar, 
one  is  not  surprised  to  find  in  this  fossil  characters  which  are  also 
found  in  both  these  groups.  In  considering,  therefore,  the  relation 
which  the  Pterosaurian  skull  bears  to  those  of  birds  and  lizards,  the 
characters  should  be  especially  noticed  which  serve  to  distinguish 
between  the  two  groups,  thus : — 

1.  In  birds  the  brain-case  is  larger  in  proportion  to  the  size  of  the 
skull  than  it  is  in  lizards. 

2.  The  quadrate,  pterygoid,  and  palatine  bones  are  movable  on  the 
akull  in  birds ;  but  more  or  less  fixed  in  lizards. 
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3.  In  birds  the  hinder  end  of  the  palatine  and  front  end  of  the 
pterygoid  are  brought  into  close  relation  with  the  rostrom  of  the 
sphenoid.     This  is  not  the  case  with  lizards. 

4.  The  orbit  is  rarely  completed  by  bone  in  birds,  and  never  by  the 
jngal.  In  lizards  the  orbit  is  surrounded  by  bone,  and  the  jugal  forms 
part  of  it. 

5.  In  birds  there  is  no  prefrontal  bone,  while  it  is  always  present  in 
lizards. 

6.  No  bird  has  a  snpratemporal  bar  of  bone,  but  it  is  always 
developed  in  lizards. 

7.  In  lizards  the  paroccipital  process  is  large  and  formed  by  the 
opisthotic.  In  birds  the  paroccipital  is  small  and  formed  by  the 
exocoipital. 

8.  In  birds  the  bones  of  the  cranium  are  early  ankylosed ;  in  lizards 
they  nearly  always  remain  separate. 

9.  Birds  have  the  premaxillsd  large  and  united  into  one  bone,  in 
lizards  they  are  usually  small. 

10.  The  ant-orbital  fossa  which  is  present  in  birds  is  only  occasion- 
ally present  in  lizards. 

11.  In  birds  there  is  always  a  lower  temporal  bar  of  bone  extend* 
ing  &om  the  maxilla  to  the  quadrate.  This  bar  is  incomplete  in  all 
lizards  except  Sphenodan,  althoagh  well  developed  in  other  reptiles. 

The  skull  of  Scaphognathus  Purdoni  agrees  with  lizards  in  the  first 
seven  of  the  above  characters ;  and  with  birds  in  those  numbered  8, 
9,  10.  Number  11  need  not  be  considered,  as  it  can  scarcely  be  re- 
garded as  distinctive.  The  greater  importance  of  the  first  seven 
characters  makes  it  clear  that  in  the  structure  of  the  skmll,  8.  Purd&ni 
most  nearly  resembles  the  Lacertilia. 

The  brain  of  ScaphogmUhtu  Purdoni  agrees  with  that  of  reptiles  in 
its  relatively  small  size ;  while  the  separation  of  the  optic  lobes  by  the 
cerebellum  and  the  meeting  of  the  latter  with  the  cerebrum,  as  well 
as  the  possession  of  a  distinct  flocculus,  are  important  points  in  which 
it  resembles  the  brain  of  the  bird.  On  the  other  hand  the  form  of 
the  optic  lobes  is.  unlike  that  of  any  living  bird. 

The  brain  of  the  American  fossil  bird,  Hesperomis,  shows  a  striking 
resemblance  to  that  of  Scaphognathua  Purdoni,  for  not  only  is  it  pro- 
portionally smaller  than  in  recent  birds,  but  the  relation  of  the  cere- 
bellum and  cerebrum  to  the  optic  lobes  is  very  similar. 

The  facts  above  stated  seem  to  show  that  the  Pterosauria  are 
related  to  the  birds  in  the  form  of  the  brain,  and  to  the  lizards  in 
the  structure  of  the  skull.  This,  however,  does  not  constitute  the 
Pterosaurian  a  transitional  form  between  birds  and  reptiles,  in  the 
sense  of  the  Pterosauria  having  been  derived  from  reptiles,  or  of  the 
birds  having  been  derived  from  Pterosauria;  but  rather  points  to 
Av€8^  Pterosauria,  and   BeptHia  having  been  derived    from   some 
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common  ancestral  tjpe.     These  relationships  may  be  thos  indicated, 
taking  only  a  few  of  the  characters  of  each. 


Lizard. 

Cerebellam  small,  optic 
lobes  meeting,  paroocipi- 
tal  formed  chieflj  bj  the 
opisthotic. 


Pierotcturian. 

Cerebellum  large  and 
between  optic  lobes,  par- 
occipital  formed  chieflj 
by  the  opisthotic. 


Bird. 

Cerebellum  large  and 
between  optic  lobes,  par- 
oocipital  formed  cbieflj 
by  exoccipital. 


Ancestral  Tifpe. 

Cerebellum  small,  optic 
lobes  meeting,  paroccipi- 
tal  small,  and  formed  bj 
bot  h  exoccipital  and  opis- 
thotic. 
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of  New  College  and  Assistant  to  the  Linacre  Professor  in 
the  University  of  Oxford.  Communicated  by  Professor 
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[Plate  4.] 

The  whole  of  the  following  paper  was  planned  and  a  great  part  of  it 
was  written  when  Captain  Wharton's  letter  appeared  in  *  Nature,'  on 
Feb.  23.  Captain  Wharton  has  anticipated  my  objections  to  the 
theory  put  forward  by  Mr.  Murray  in  explanation  of  the  formation  of 
atolls  and  barrier  reefs,  and  has  suggested  that  the  growth  of  corals 
on  the  periphery  of  a  submerged  bank  is  sufficient  to  explain  the 
elevated  rim  of  a  barrier  reef  or  atoll,  and  the  contained  lagoon 
channel  or  lagoon.  In  this  I  cordially  agree  with  him,  and  can  only 
express  my  satisfaction  that  so  eminent  an  observer  should  have 
arrived,  after  an  extended  study,  at  conclusions  nearly  identical 
with  mine.  In  accounting  for  the  luxuriance  of  coral  growth  upon 
the  penpheral  slopes  of  an  atoll,  I  differ  slightly  from  Captain 
Wharton,  and  the  publication  of  his  letter  has  led  me  to  extend  and 
modify  the  plan  of  the  latter  half  of  this  paper,  in  order  to  show  more 
clearly  the  points  in  which  I  agree  with  and  those  in  which  I  differ 
from  him.  I  may  take  this  opportunity  of  expressing  my  thanks  to 
Captain  Wharton  for  his  kindness  in  sending  me  notes  on  the  struc- 
ture of  the  Cosmoledo  and  Farquhar  groups,  and  to  Dr.  S.  J.  Hickson 
who  has  given  me  the  benefit  of  his  experience  in  N.  Celebes. 
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In  my  visit  to  Diego  Gkrcia  in  1885  I  took  with  me,  among  other 
'works,  the  splendid  papers  of  Alex.  Agassiz  on  the  Tortngas  and 
Florida  reefs,  and  diligently  compared  all  his  observations  with  strnc- 
tnres  existing  at  Diego  Garcia.  1  was  mnch  stmck  by  the  analogy 
between  the  formations,  bnt  I  also  found  differences  in  the  stratifica- 
tion of  rocks,  dbc.,  which  led  me  to  the  conviction  that  there  has  been 
a  very  small  amount  of  elevation  in  the  Chagos  group,  which 
certainly  has  not  been  the  case  in  the  Florida  reefs.  This  conviction 
was  shared  by  an  old  resident  on  Diego  Garcia,  M.  Spurs,  a  naturalist 
who  has  devoted  many  years  to  the  study  of  coral  reefs. 

A  reference  to  the  map  will  show  that  Diego  Garcia  is  a  typical 
atoll ;  a  narrow  strip  of  land  varying  in  width  from  a  mile  to  30 
yards,  nearly  completely  encircles  a  lagoon  of  irregular  shape.  The 
lagoon  is  open  to  the  ocean  towards  the  north-west,  its  mouth  being 
divided  by  three  small  islets  into  four  channels,  of  which  three  are 
sufficiently  deep  to  allow  ships  to  enter  the  lagoon.  The  three  islands 
are  known  by  the  names  of  Bird  Island,  Middle  Island,  and  ESast 
Island  (He  des  Oiseauz,  He  du  Milieu,  and  He  de  I'Est),  the  last 
named  being  the  largest  of  the  three,  and  the  one  on  which  I  spent 
much  of  my  time  duriiig  my  visit.  The  whole  of  the  land  composing 
the  atoll  is  very  low ;  the  highest  point  in  the  inland  is  not  more  than 
30  feet  above  the  level  of  high  tide,  and  this  height,  which  is  quite 
exceptional,  is  due  to  the  accumulation  of  great  heaps  of  sand 
through  the  action  of  the  S.E.  trade  winds  which  blow  with  consider- 
able strength  for  more  than  one-half  of  the  year.  Diego  Garcia  is 
the  southernmost  atoll  of  the  Chagos  group ;  it  lies  in  S.  lat.  7°  26', 
E.  long.  72''  23',  and  forms  the  last  of  the  great  chain  of  coral  forma- 
tions reaching  from  the  Laccadive  Islands  through  the  Maldives  to 
the  Chagos  group.  To  its  south-west  lie  the  submerged  atoll-shaped 
reefs  known  as  Pitt*s  Bank  and  Centurion's  Bank,  to  its  north  lies 
the  huge  submerged  atoll  known  as  the  Great  Chagos  Bank.  It  is  an 
interesting  fact  that  throughout  the  Laccadive,  Maldive,  and  Chagos 
groups  there  is  no  instance  of  a  fringing  or  of  a  barrier  reef ;  nothing 
but  coral  structure  rises  above  the  waves,  all  the  islands  are  atolls ; 
none  of  these  are  upraised,  but  there  are  several  submerged  banks. 
The  existence  of  this  long  line  of  atolls  seemed  to  be  one  of  the 
strongest  arguments  in  favour  of  Darwin's  theory  on  the  formation  of 
coral  reefs.  If  the  depths  given  in  Stieler*s  hand-atlas  are  correct, 
the  three  groups  stand  on  a  submarine  bank  lying  1000  fathoms 
below  the  surface  in  an  ocean  of  an  average  depth  of  2000  fathoms. 

In  Diego  Garcia  the  nature  of  the  soil  varies  considerably  from 
place  to  place.  In  some  localities  it  consists  of  nothing  else  than  bare 
coral  rock  upon  the  surface  of  which  coral  boulders  are  scattered 
about ;  in  other  places  it  is  composed  wholly  of  calcareous  sand,  and 
one  may  dig  down  for  6  or  8  feet  without  finding  coral  rock.     It  is 
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obvious  after  a  shorb  examination  that  some  parts  of  the  land  are 
older  than  others,  and  that  the  great  strip  of  land  was  formerly  a 
series  of  disconnected  islets  which  have  since  been  joined  together  by 
the  accumulation  of  sand  and  coral  debris  between  Uieni.  In  the 
older  parts  of  the  island,  which  have  apparently  been  covered  with 
vegetation  for  a  considerable  period,  a  thick  peaty  monld  has  been 
formed  by  the  decay  of  fallen  leaves  and  stems  of  trees  and  sbmbi. 

Throughout  the  island  the  outer  or  seaward  shore  is  hi^er  than 
the  inner  or  lagoooward  shore,  owing  to  the  pile  of  coral  bomMers 
thrown  up  in  the  form  of  a  low  rampart  along  the  former  bj  the 
action  of  the  waves.  In  most  places  a  flat  reef  extends  fully  60  yards 
seaward  of  the  rampart;  and  this  reef  is  just  nnoovered  at  low  spring 
tides.  As  a  rule  the  inner  shore  slopes  gently  down  into  the  lagoon 
for  some  distance  and  then  pitches  down  rather  suddenly  to  a  depth 
of  10  or  12  fathoms,  but  in  some  places  there  is  a  depth  of  6  or  8 
fathoms  close  up  to  the  inner  shores.  Marshy  pools  of  fresh  or 
brackish  water  are  found  in  the  centre  of  the  strip  of  laud  on  the 
S.E.  and  W.  sides  of  the  island ;  into  these  the  sea  enters  in  many 
cases  during  the  highest  spring  tides,  and  at  the  S.E.  and  S.  ends  of 
the  island  it  has  established  permanent  breaches  into  some  of  these 
pools,  through  which  the  tide  runs  in  and  out  regularly  from  the 
lagoon.  Thus  there  are  formed  sheets  of  water  like  secondary  lagoons 
within  the  strip  of  land ;  these  are  known  on  the  island  by  the  name  of 
barachois,  and  they  are  of  some  importance  when  one  comes  to  con- 
sider the  amount  of  change  which  is  continually  going  on  in  the 
island. 

Externally  the  shores  slope  away  very  rapidly  to  considerable 
depths,  the  sounding  line  giving  depths  of  250  fathoms  and  upwards 
at  a  distance  of  a  few  hundred  yards  from  the  edge  of  the  reef, 
excepting  at  Horsburgh  Point  at  the  S.E.  side,  where  a  depth  of  45 
fathoms  is  found  at  a  distance  of  1  mile  from  the  shore.  Unfortu- 
nately I  had  not  the  apparatus  wherewith  to  make  a  series  of 
sectional  soundings  outside  the  island,  nor  if  I  had  had  the  apparatus 
should  I  have  had  the  means  of  making  use  of  it.  The  depths  within 
the  lagoon  have  been  accurately  determined  by  H.M.S.  "Rambler"  in 
1885 ;  they  vary  up  to  19  fathoms.  After  a  stay  of  two  or  three 
months  on  the  island  one  cannot  fail  to  be  impressed  with  the  im* 
mense  amount  of  change  which  is  continually  in  progress.  Large 
masses  of  sand  are  in  the  space  of  a  month  deposited  in  one  spot  to 
be  swept  away  during  the  next  nionth  and  deposited  in  another. 
Everywhere  there  is  evidence  that  the  sea  has  encroached  upon  the 
land  or  that  the  land  has  in  its  turn  gained  upon  the  sea.  In  one 
place  numerous  dead  and  fallen  coco-nut  palms  show  where  old 
established  land  has  been  carried  away ;  in  an  adjoining  spot  tracts  of 
SHiid,  either  bare  or  covered  with  a  scanty  growth  of  young  ahrubs. 
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show  where  the  combined  action  of  wind  and  waves  has  added  a  new 
piece  to  the  island.  Within  the  lagoon  the  carrents  are  constantly 
changing  in  force  and  direction,  and  their  every  change  affects  the 
growth  of  coral  in  theii*  track.  In  estimating  the  8tractm*e  of  the 
atoll  these  changes  should  be  kept  in  mind,  althoagh  their  complexity 
makes  it  far  more  difficult  to  arrive  at  a  correct  conclusion. 

In  the  course  of  mj  investigations  I  learnt  to  distinguish  the 
following  kinds  of  coral  rock  formed  by  the  action  of  the  waves  or 
wind  or  both  combined. 

Firstly,  reef  rock,  a  tolerably  homogeneous  mass  of  compacted  coral 
debrU,  the  component  parts  of  which  are  so  thoroughly  infiltrated 
with  carbonate  of  lime  held  in  solution  in  the  sea-water  that  the 
masses  and  fragments  of  coral  composing  the  rock  are  rarely  distin- 
guished from  one  another.  This  form  of  rock  exhibits  a  fine  hori- 
ssontal  stratification;  it  is  invariably  formed  under  the  sea  or  between 
tide  nuurks. 

Secondly,  boulder  roeky  formed  just  above  high  tide  mark  by  means 
of  the  masses  of  coral  which  are  transported  across  the  reef  by  the 
waves  and  are  piled  up  to  form  the  low  rampart  already  alluded  to. 
The  interstices  of  the  boulders  are  soon  filled  up  with  coral  debrii  and 
sand,  and  are  cemented  together  by  the  spray.  Such  rock  is  only 
formed  on  the  seaward  shores  and  invariably  shows  a  stratification 
(lipping  downwards  towards  the  sea. 

Thirdly,  shingle  roch^  which  may  be  of  two  kinds.  The  first  kind  is 
horiaontally  stratified  and  is  scarcely  distinguishable  from  reef  rock, 
except  in  its  finer  texture  ;  it  is  formed  below  water  or  between  tide 
marks  by  the  agglomeration  of  small  pieces  of  broken  coral,  among 
which  are  included  numerous  shells  of  molluscs,  remains  of  Crustacea, 
echinoderms,  ^.,  and  in  the  more  sheltered  parts  of  the  lagoon  it  may 
include  considerable  masses  of  dead  madrepores  imbedded  in  their 
natural  position  in  the  rock.  This  rock  is  of  looser  texture  than  the 
reef  rock.  The  second  kind  of  shingle  rock  is  formed  above  high- 
water  mark  by  the  action  of  the  waves.  It  is  entirely  composed  of 
HmM  fragments  and  exhibits  a  fine  stratification  dipping  seawards  at 
an  angle. 

Lastly,  there  is  the  eand  rock  formed  above  water  by  the  action  of 
the  wind.  Wherever  masses  of  fine  sand  are  piled  up  within  reach  of 
the  spray  they  are  giudually  compacted,  and  form  a  fnable  rock,  the 
stratification  of  which  dips  seaward. 

In  many  parts  of  the  island  I  observed  that  the  land  was  composed 
of  stratified  reef  or  shingle  rock,  the  strata  of  which  were  perfectly 
lioricontal,  and  did  not  dip  down  towards  either  shore.  Having 
observed  the  manner  in  which  the  different  kinds  of  coral  rock  were 
formed,  I  was  at  a  loss  to  understand  how  such  horizontally  stratified 
masses  oonld  have  been  formed  iu  their  present  position  above  high 
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water  mark,  and  could  011I7  believe  that  thej  were  originallj  formed 
as  reef  or  shingle  rock  below  bigh  water  mark,  and  bad  been  snbse- 
qnentlj  raised  to  their  present  position.  I  was  thus  led  to  believe  that 
a  slight  elevation  had  taken  place,  and  this  belief  was  strengthened  by 
a  study  of  the  formation  of  East  Islet.  This  islet  is  about  800  yards 
long,  and  nearly  100  yards  broad ;  its  westernmost  extremity  is  00m- 
posed  of  masses  of  sand  piled  up  on  the  underlying  reef  rock,  and  in 
this  place  there  is  a  clamp  of  high  trees  (Hemandia  peltata).  The 
eastern  and  by  far  the  larger  part  of  the  islet  is  of  different  formation. 
The  even  surface  of  the  soil  is  covered  with  a  low  scrub,  but  bears  no 
high  trees  nor  coco-nut  palms.  It  forms  a  low  plateau,  the  surface  of 
which  does  not  slope  down  towards  the  lagoon,  but  is  perfectly  hori- 
zontal, and  stands  4  feet  above  the  very  highest  spring  tides.  The 
shore  on  the  lagoonward  side  shows  an  abrupt  fall  of  6  feet  to  the 
reef,  which  in  this  place  extends  for  a  distance  of  50  yards  towards 
the  lagoon,  and  is  only  left  uncovered  at  the  lowest  spring  tides.  At 
the  eastern  extremity  of  the  island  there  is  no  reef,  but  from  1^  to 
2  fathoms  of  water  are  found  within  a  few  yards  of  the  shore.  This 
point  is  exposed  to  the  ocean,  and  a  strong  and  constant  current  sets 
against  it,  so  that  it  is  undergoing  a  considerable  amount  of  erosion. 
On  the  north  or  seaward  side  the  reef  again  extends  outwards  from 
the  shore,  the  latter  differing  from  the  inner  shore  in  the  presence  of 
a  talus  of  large  boulders  which  have  been  thrown  up  against  it  by  the 
waves.  Wells  have  been  sunk  in  various  parts  of  the  island,  though 
for  some  reason  which  I  cannot  explain,  water  is  only  found  in  one 
of  them.  Numerous  pita,  Fome  of  which  are  9  feet  deep,  have  also 
been  dug  for  the  purpose  of  planting  coco-nuts.  These  pits  and  wells 
expose  the  interesting  structure  of  the  superficial  part  of  the  island. 
Beneath  a  thin  surface  layer  of  sand  and  mould  lies  a  horizontal  layer 
of  stratified  shingle  rock,  in  which  large  imbedded  coral  masses  may 
occasionally  be  distinguished ;  this  layer  is  about  2|  feet  thick. 
Beneath  it  is  a  layer  of  loose  coral  sand  about  18  inches  thick,  and 
beneath  that  is  another  layer  of  coral  rock  of  the  same  character  as 
the  first,  and  about  3  feet  thick.  Beneath  this  is  another  layer  of 
friable  sand  lying  on  the  solid  reef  rock  into  which  the  excavations 
did  not  penetrate.  Those  layers  lie  }»erfecf  ly  horizontally,  and  do  not 
dip  in  any  direction.  They  crop  out  above  the  reef  on  the  steep 
eastern  and  southern  shores,  and  as  the  loose  sand  is  washed  out  by 
the  waves  the  overhanging  layer  of  rock  breaks  off  and  falls  down  in 
large  masses.  The  central  parts  of  this  area  are  absolutely  beyond  the 
reach  of  any  waves  at  the  present  time,  and  as  the  strata  of  rock  and  sand 
run  evenly  through  it,  there  is  no  evidence  of  its  having  been  formed 
by  successive  additions  of  material  through  the  action  of  the  waves. 
Nor  can  it  possibly  have  been  formed  under  the  surface  of  the  water 
unless  it  has  since  been  raised  to  its  present  position)  for,  as  I  have 
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ctaid,  its  upper  surface  is  4  feet  above  the  level  of  bigb  spring  tides. 
On  one  occasion  wben  tbe  tide  rose  to  an  abnormal  beight  and  invaded 
several  parts  of  tbe  main  island,  I  saw  tbat  tbe  water  reacbed  to 
witbin  3  feet  of  tbe  top  of  tbe  sbore,  but  even  tben  tbe  wbole  of  tbe 
upper  stratum  of  coral  rock  was  well  above  tbe  waves.  It  is  scarcely 
credible  tbat  an  even  layer  of  sbingle  rock  coold  have  been  formed 
above  tbe  bigbesi  bigb  water  mark. 

Owing  to  tbe  dense  growtb  of  bnsbes  it  was  not  easy  to  explore 
tbe  surface  of  East  Islet;  bub  in  one  spot  wbere  tbe  undergrowlb 
was  less  tbick  I  observed  a  very  sballow,  basin- like  depression,  of 
wbicb  tbe  edges  were  surrounded  by  a  miniature  beacb  of  coral  debris^ 
giving  evidence  tbat  tbe  sea  bad  formerly  occupied  this  spot,  and  yet 
it  is  now  4  feet  above  bigb  water  mark.  Near  this  spot  were  lying 
great  blocks  of  Mceandrina  and  Astrceaj  which  could  not  possibly  have 
been  thrown  by  tbe  waves  to  their  present  position  if  tbe  surface  on 
wbicb  they  lie  bad  not  formerly  occupied  a  lower  level  than  it  does 
now.  Similar  blocks  were  noticed  by  Semper  in  tbe  atoll  of  Kriangle 
in  the  Pelew  Islands,  but  in  tbat  case  tbe  blocks  appear  to  have  been 
of  much  larger  size. 

These  facts  may  not  be  convincing  testimony  in  favour  of  a  recent 
elevation  of  a  few  feet,  but  my  belief  in  such  an  elevation  is  further 
strengthened  by  the  following  facts  communicated  to  me  by  M.  Spurs, 
a  resident  for  twenty-five  years  at  Diego,  an  ardent  naturalist,  and 
much  interested  in  coral  formations. 

A  small  shore  crab  of  the  genus  Ocypiis  is  always  to  be  found  on  the 
sandy  flats  between  high  and  low  water  mark.  These  crabs,  as  is 
well  known,  form  numerous  galleries  in  the  fine  maddy  sand,  which 
they  line  with  seaweed,  Ac,  to  prevent  their  falling  in.  These 
galleries  open  to  tbe  surface  by  short  passages  placed  perpendicularly, 
the  mouths  of  which  open  only  a  few  inches  above  tbe  level  of  low 
tide.  This  crab  is  only  found  on  the  shore  between  tide  marks  ;  on 
tbe  dry  laud  its  place  is  taken  by  Gecarcinus,  another  genus  of  crab, 
wbicb  forms  different  burrows.  In  the  west  part  of  East  Islet  there 
iR  an  aggregate  of  friable,  scarcely  compacted  sand,  which  has  some- 
what tbe  appearance  of  half -dried  clay.  It  lies  5  feet  above  bigb 
wat^r  mark,  and  was  found  by  M.  Spurs,  during  some  excavations 
which  be  bad  to  make  for  the  purpose  of  constructing  a  slip  for  boats, 
to  be  riddled  with  the  seaweed-lined  galleries  of  OcypuSy  evidently 
long  since  disused  and  empty. 

Having  made  this  observation  on  East  Island,  M.  Spurs  made  a 
search  in  similar  formations  on  tbe  main  island,  and  found,  he  tells  me, 
precisely  tbe  same  facts  in  several  instances,  aggregates  of  sand  lying 
at  some  distance  ubove  bigb  water  mark,  riddled  with  tbe  abandoned 
burrows  of  Ocypus,  Now  since  the  burrows  of  Ocypus  are  quite 
characteristic,  and  could  not  have  been  mistaken  by  so  good  an 
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observer  as  M.  Spars  for  those  of  another  species,  and  since  thej  are 
in  the  present  daj  onlj  found  between  tide  marks,  these  obserrations 
afford  a  farther  presamption  in  fayonr  of  a  slight  eleration  having 
recently  taken  place.  In  any  case  they  preclude  the  idea  of  any  sab- 
sidence  being  in  progress,  as  Mr.  Darwin  fancied  to  be  the  case  in  the 
Keeling  atoll.  M.  Spars  farther  informs  me  that  daring  the  tiine 
that  he  was  snperintendent  of  the  oil  company's  estate,  he  caused 
more  than  30,000  pits  to  be  dag  on  the  main  island  for  the  parpose  of 
planting  coco-nat  palms,  and  that  he  frequently  observed  in  different 
localities  the  same  alternate  layers  of  sand  and  rock  that  I  have 
described  as  existing  on  East  Island.  These  alternations  of  sand 
and  rock  would  sug^st  alternations  of  very  slight  subsidence 
with  very  slight  elevation,  rather  than  a  single  movement  of 
upheaval ;  yet  on  the  supposition  that  all  the  layers  were  formed 
beneath  the  water,  as  their  horizontal  stratification  leads  me  to 
believe,  I  can  venture  on  the  following  explanation.  The  mass 
of  rock  which  forms  the  base  upon  which  the  islets  and  other  dry 
land  rest  is  solid  reef  rock,  and  the  whole  floor  of  the  lagoon  is 
similarly  formed.  The  latter  is  covered  at  depths  of  3  or  4  fathoms 
and  upwards  by  a  layer  of  fine  sand,  which  may  attain  a  thickness 
of  2  or  3  feet  In  protected  parts  of  the  lagoon  and  in  spots  where 
the  changeable  currents  have  ceased  to  deposit  any  quantity  of  sand, 
corals  will  grow  in  considei*able  quantities,  chiefiy  those  wide-dread- 
ing species  of  Madrepora  which  cannot  find  a  lodging  on  the  exterior 
of  the  reef,  where  they  would  be  dashed  to  pieces  by  the  waves.  By 
the  continual  growth  of  new  colonies  on  the  top  of  the  old  ones 
which  have  died,  a  layer  of  solid  rock  of  considerable  thickness 
may  be  formed.  Whilst  diving  for  corals  at  the  lower  part  of  the 
lagoon,  I  often  noticed  such  layers  of  half- formed  rock  on  which 
living  coral  was  growing  or  not,  according  as  the  constantly 
changing  currents  were  at  that  time  throwing  up  sand  in  the  locality 
or  not.  Thus  on  the  west  side  of  the  lagoon,  off  Point  Marianne, 
there  are  large  tracts  of  recently  formed  coral  rock,  on  which  no 
living  corals  are  to  be  seen,  whilst  on  the  east  side  of  the  lagoon, 
exactly  opiiosite  to  Point  Marianne,  a  similar  basis  of  rock  is 
luxuriantly  covered  with  growing  coral. 

Now  as  the  currents  are  constantly  changing,  and  as  the  changes 
may,  as  I  saw,  atfect  an  area  some  miles  in  extent,  one  may  suppose 
that  an  area  was  first  covered  with  corals  growing  on  the  sand,  which 
everywhere  covers  the  reef  rock,  when  the  latter  lies  more  than  a 
fathom  below  the  surface.  A  change  in  the  currents  brought 
abundant  sand  to  the  spot,  killed  the  corals,  and  deposited  an  even 
layer  of  sand  of  some  little  thickness  over  the  rOck  formed  bj  the 
skeletons  of  the  dead  corals.  A  farther  change  in  the  currents  ironld 
Hgain  render  the  spot  Buvtable  for  coral  growth,  and  a  new  layer  of 
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rock  would  be  formed  over  the  last  layer  of  sand.  I  have  seen  quite 
anaiogons  formations  in  progress  in  a  fathom  of  water  a  little  way 
above  Point  Marianne.  Raise  the  formation  to  the  surface,  and  yon 
get  that  stratification  which  oconrs  in  so  many  parts  of  the  island,  a 
stratification  which  cannot  be  explained  on  any  theory  of  subsidence, 
and  is  scarcely  less  difficult  to  explain  on  the  supposition  of  rest.  At 
first  I  had  some  hesitation  in  extending  to  an  island  on  the  borders 
of  the  lagoon,  as  is  East  Island,  a  view  of  the  formation  of  layers  of 
sand  and  rock  derived  from  an  inspection  of  the  interior  of  the 
lagoon,  but  afterwards  I  saw  that  similar  layers  were  being  formed 
just  within  the  large  reef  known  as  Spurs'  Reef,  west  of  Middle 
Island,  so  that  no  objection  can  be  raised  on  that  score.  The  whole 
character  of  the  Ghagos  Group  is  very  much  opposed  to  the  theory 
that  atolls  and  barrier  reefs  are  formed  daring  sabsidence.  There 
are  several  atolls  rising  above  the  waves,  that  of  Peros  Banhos  being 
55  miiee  in  circuit,  and  composed  of  numerous  small  islets  placed 
upon  a  ring-shaped  reef  through  which  there  are  several  large  and 
deep  channels.  Egmont  or  Six  Islands  is  an  instance  of  an  atoll  in 
which  the  encircling  reef  is  perfect  and  unbroken  by  any  channels, 
the  laud  consisting  of  six  islets  placed  for  the  most  part  on  the 
southern  and  western  sides  of  the  reef.  There  are  several  submerged 
banks,  nearly  all  of  which  have  an  atoll  form.  Of  these  the  best 
known  is  the  Ghreat  Chagos  Bank,  a  huge  submerged  atoll  95  miles 
long  and  65  miles  broad,  having  a  depth  of  4 — 10  fathoms  over  a 
narrow  rim  around  its  periphery,  and  a  central  lagoon  of  a  depth 
varying  up  to  45  fathoms.  South-west  of  the  Great  Chagos  Bank, 
distant  less  than  15  miles,  lies  the  atoll  of  Six  Islands,  and  on  the 
other  side  of  these,  scarcely  12  miles  distant,  lies  another  submerged 
atoll,  known  as  Pitt  Bank.  South-west  of  Pitt  Bank  are  two  smaller 
banks,  Gkmges  and  Centurion's  Banks.  Darwin  considered  that  the 
Gbeat  Chagos  Bank  afforded  particularly  good  evidence  of  the  truth 
of  the  subsidence  theory.  He  regarded  it  as  an  atoll  carried  down  by 
a  too  rapid  subsidence  below  the  depth  at  which  reef-building  corals 
flourish.  The  same  would  be  the  case  for  Pitts  Bank  and  the  two 
others  just  mentioned.  A  more  intimate  knowledge  of  the  Great 
Chagos  Bank,  and  of  the  relations  of  it  and  other  submerged  banks 
to  existing  land,  shows  this  view  to  be  untenable.  In  the  first  place 
the  rim  of  the  Great  Chagos  Bank  is  on  an  average  not  more  than 
6  fathoms  below  the  surface,  and  therefore  situated  in  a  depth 
eminently  favourable  for  coral  growth,  and  there  are  actually  six  islets 
on  the  northern  and  western  edges  rising  above  the  water,  and  some 
of  them  inhabited.  Secondly,  any  such  rapid  subsidence  could  not 
have  afiPected  areas  only  30  miles  apart  without  involving  the  Six 
Islands  atoll  lying  directly  between  them.  A  similar  argument  might 
be  extended  to  the  more  northern  islands  of  the  Chagos  group,  and 
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even  to  Diego  Gktrcia  itBelf,  although  it  lies  somewhat  apart  from  the 
rest  of  the  group.  Again,  if  atolls  and  barrier  reefs  are  formed  around 
subsiding  peaks,  it  is  at  least  curious  that  throughout  the  Laccadive, 
Maldive,  and  Chagos  groups  there  are  uo  instances  of  high  islands 
snrrounded  by  barrier  reefs,  marking  the  last  remnants  of  pre-existing 
land.  In  the  more  western  parts  of  the  Indian  Ocean,  between  Mada- 
gascar and  the  Seychelles,  there  are  numerous  atoll  islands,  and  in 
long.  60*"  E.  there  lie  the  submerged  Saya  de  Malha  Bank  and  the 
reef  known  as  Carg^dos  Carajos.  Between  these  two  lies  the  exten- 
sive Nazareth  Bank,  having  over  it  depths  of  from  14  to  45  fathoms. 
The  Saya  de  Malha  Bank  appears  to  have  the  characters  of  a  snb- 
merged  atoll,  having  a  central  depression  of  65  fathoms,  surrounded 
by  a  rim  which  has  only  8  to  16  fathoms  on  its  eastern  side,  but 
22  fathoms  on  the  western.  Some  of  the  groups  north  of  Madagascar 
afford  very  good  evidence  of  upheaval.  Aldabra  Island,  situated  in 
lat.  9°  22'  S.,  long.  46°  14'  E.,  is  a  perfect  instance  of  an  upraised 
atoll.  Captain  Wharton  describes  the  external  shores  as  consisting  of 
low  coral  cliffs,  about  20  feet  high,  the  surface  of  the  land  being 
composed  of  jagged  coral  rock.  The  lagoon  is  entered  by  a  passage 
varying  from  11  to  5  fathoms  in  depth,  but  its  internal  portions  are 
either  very  shallow  or  partly  dry  at  low  water.  Not  far  distant  is 
the  Cosmo  Ledo  group,  a  perfect  atoll,  with  a  lagoon  some  4  fkthom8 
deep,  or  less.  There  are  ten  islets  of  various  sizes  on  the  reef,  and 
all  of  them  appear  to  have  been  elevated  some  10  feet.  There  are 
some  hills  40  and  50  feet  high  on  the  two  largest  islands,  but  these 
appear,  according  to  Captain  Wharton,  to  be  formed  of  blown  sand. 
The  Farqnhar  groap  and  Assumption  Island,  situated  within  the 
same  area,  have  been  raised,  according  to  the  same  authority,  some 
10  feet.  Providence  Island,  in  lat.  9**  14'  S.,  long.  51°  2'  E.,  appears 
to  be  a  low  island  situated  upon  the  edge  of  the  atoll-shaped  Provi- 
dence reef.  At  a  distance  of  19  miles  from  Providence  Island  is  the 
island  of  St.  Pierre,  which  has  no  fringing  reef.  It  is  particularly 
interesting,  for  although  it  is  in  close  proximity  to  the  low  Providence 
atoll,  it  has  been  raised  abont  40  feet  above  high  water,  and  in  the 
absence  of  a  fringing  reef  the  sea  breaks  with  great  violence  against 
a  low  cliffy  coast,  hollowing  out  a  number  of  caverns  which,  from  the 
description  given  in  the  sailing  directions  for  Mauritius  and  its 
islands,  appear  to  open  inshore  by  "  blow-holes."* 

Near  and  among  these  raised  coral  formations  are  several  sub- 
merged banks,  the  most  important  of  which  is  McLeod  Bank,  situated 
in  lat.  9°  57'  S.,  long.  50**  20'  E.,  between  Providence  Island  and  the 
Cosmo  Ledo  group.     The  details  show  that  there  is  a  group  of  coral 

*  For  the  information  on  the  ielandfi  north  of  Madagascar  I  am  indebted  to  the 
courtesy  of  Captain  W.  J.  L.  Wharton,  R.N  ,  F.R.S. 
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formatioDB,  sitnated  near  lat.  10°  S.,  north  of  Madagascar,  in  which 
are  found  raised  atolls — atolls  whose  dry  land  just  rises  above  the 
waves  and  submerged  banks.  There  can  be  no  clearer  proof  that 
atolls  are  formed  in  areas  of  elevation,  and,  if  thQ  facts  which  I  have 
already  stated  concerning  Diego  Gurcia  are  of  any  weight,  it  wonld 
seem  that  most  of  the  coral  formations  of  the  Indian  Ocean  mark 
areas  of  elevation  rather  than  of  rest ;  certainly  they  are  not  evidence 
of  subsidence. 

Those  who  have  felt  that  the  evidence  brought  against  Darwin's 
subsidence  theory  is  too  strong  to  be  resisted,  must  often  have  felt 
that  no  satisfactory  explanation  of  the  lagoons  of  atolls  or  the  lagooa 
oliannels  of  barrier  reefs  has  been  given  in  its  place.     Semper  was  the 
first  to   suggest  that  the  lagoon  was  formed  by  a  solution  of   the 
interior  parts  of  the  reef,  and  more  recently  this  view  has  been  urged 
with  great  force  by  Murray,  who  points  out  in  addition,  that  corals 
on  the  periphery  of  a  reef  must,  from  their  position,  get  the  advantage 
over  those  more  interiorly  situated,  being  more  directly  in  the  track 
of  food-bearing  currents.     Neither  of  these  explanations  has  com- 
pletely satisfied  me.     That  sea-water  exercises  a  solvent  action  upon 
carbonate  of  lime  does  not  admit  of  doubt,  and  that  the  scour  of 
tides,  combined  with  this  solvent  action  of  the  water,  does  affect  the 
extent  and  depth  of  a  lagoon  is  obvious.     But  I  challenge  the  state- 
ment that  the  destructive  agencies  within  an  atoll  or  a  submerged 
bank  are  in  excess  of  the  constructive.     It  would  be  nearer  the  mark 
to  say  that  they  nearly  balance  one  another.     In  the  first  place  the 
carbonate  of  lime  held  in  solution  by  sea- water  is  deposited  as  crystal- 
line limestone  in  the  interstices  of  dead  corals  or  coral  d?.hris.  Anyone 
who  is  acquainted  with  the  structure  of  coralline  rock  knows  how 
such  a  porous  mass  as  a  MsBandrina  head  becomes  perfectly  solid  by 
the  deposition  of  lime  within  its  mass.     This  deposition  can  only  be 
effected  by  the  infiltration  of  sea-water.     In  reckoning  the  solvent 
action  of  sea- water,  therefore,  account  must  be  taken  of  the  fact  that 
a  not  inconsiderable  proportion  of  the  carbonate  of  lime  held  in  solu- 
tion is  redeposited  in  the  form  of  crystalline  limestone.     Of  this,  it 
seems,  Mr.  Murray  has  not  taken  sufficient  account,  and  has,  there- 
fore, overstated  the  destructive  agency  of  the  sea.     Secondly,  the 
growth  of  corals,  and  the  consequent  formation  of  coral  rock  within 
the  lagoon,  is  generally  overlooked. 

Whilst  diving  for  corals  at  Diego  Garcia  I  had  abundant  oppor- 
tunities of  studying  the  formation  of  coral  rock  within  the  lagoon,  in 
depths  under  2  fathoms.  The  layers  of  tolerably  compact  rock  thus 
formed  are  of  no  mean  extent  or  thickness ;  they  soon  become  covered 
with  sand,  and  are  thus  protected  from  the  solvent  action  of  the 
water.  I  have  found  it  impossible  to  reconcile  Mr.  Murray's  views 
with  what  I  saw  of  coral  growth  within  a  lagoon.     Not  only  do  the 
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more  delicate  branching  species  of  the  Madreporaria  flonrisfa  in  con- 
siderable numbers,  bnt  true  reef-bnilding  species,  Forites^  Maandrina, 
Pocillopora^  and  various  stout  species  of  Madrepora^  are  found  there. 
It  is  a  mistake  to  suppose  that  certain  species  of  corals  are  restrieted 
to  the  external  shores,  others  to  the  lagoon.  My  collections  proved 
that  manj  of  the  species  growing  in  the  lagoon  at  distanoes  of  5  miles 
and  upwards  from  its  outlet  are  identical  with  those  growing  on  the 
outer  reef.  In  addition  to  them  are  numerous  species,  snoh  as 
Seriatopora  stricta,  Mussa  eorymhogOj  Favia  lohata^  Fungia  deniata, 
and  many  others  that  are  not  foand  on  the  outside.  The  reason  is 
that  the  last-named  are  either  free  forms  such  as  Fungia^  or  are 
attached  by  such  slender  and  fragile  stems  to  their  supports  that  they 
could  not  possibly  obtain  a  foothold  and  maintain  themselves  among 
the  powerful  currents  and  waves  of  the  open  ocean. 

These  varioas  species,  numbers  of  which  grow  close  together,  form 
knolls  and  patches  within  the  lagoon,  and  it  cannot  be  doubted  that 
their  tendency  is  to  fill  it  up.  Again,  in  reefs  which  do  not  rise  above 
the  surface,  or  are  awash  for  the  greater  part  of  their  extent  at  low 
tides,  great  quantities  of  debris,  torn  from  the  outer  slopes,  are  con- 
stantly carried  over  the  rim  of  the  reef  and  tend  to  fill  it  np. 
Hence  it  follows  that  in  a  lagoon  entirely  surrounded  by  dry  land,  or 
nearly  so,  as  is  the  case  at  Diego  Gktrcia^  the  tendency  to  accumulation 
of  material  within  the  lagoon  would  be  less  than  in  submerged  or  in- 
complete  atolls,  for  debris  cannot  be  swept  over  into  the  lagoon,  and 
the  only  constructive  agency  is  the  growth  of  coral.  If  the  power  of 
solution  of  sea-water  is  so  great,  it  must  be  supposed  that  in  com- 
plete or  nearly  complete  atolls  the  lagoon  would  be  deepening  rather 
than  shallowing ;  yet  at  Diego  Grarcia  the  lagoon  isobiriously  shallow- 
ing in  many  places,  and  has  nowhere  increased  in  depth  since  Captain 
Moresby's  survey  in  1837.  Indeed,  the  southern  part  seems  to  have 
shoaled  a  fathom  since  that  time,  and  this  is  the  more  remarkable, 
since  the  S.E.  trade  winds  are  by  far  the  most  constant  and  strongest 
winds  there,  and  tend  to  accumulate  material  at  the  northern  rather 
than  at  the  southern  end.  The  fact  is,  that  these  winds  sweep  the 
sand  out  of  the  southern  part,  and  thus  leave  an  area  particularly 
favourably  situated  for  the  growth  of  corals.  Mr.  Murray  points  out 
that  larger  atolls  generally  have  deeper  lagoons  than  small  atolls,  and 
nrges  this  fact  in  support  of  his  theory ;  but  here  again  the  facts  in 
tlie  Chagos  gronp  are  against  him.  Victory  Bank  is  a  submerged 
atoll,  the  Solomons  is  an  atoll  with  a  large  extent  of  dry  land,  in 
each  the  lagoon  attains  a  depth  of  17 — 18  fathoms,  and  in  Diego 
Garcia  the  latroon,  although  far  larger,  does  not  attain  a  greater 
depth.  Peros  Banhos  is  far  smaller  than  the  Great  Chagos  Bank,  yet 
in  both  the  lagoons  attain  nearly  the  same  maximum  depth,  vi«., 
41  fathoms  for  Peros  Bnnhos,  44  fathoms  for  the  Great  Chagos  Bank. 
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Speaker's  Bank  in  very  little  larger  tban  Peros  Banhos ;  its  lagoon  is 
far  shallower,  having  a  maximum  depth  of  24  fathoms. 

These  considerations  have  led  me  to  discredit  the  solution  theory 
as  an  e^lanation  of  lagoons  and  lagoon  channels,  and  other  objections 
have  been  lately  urged  with  great  foroe  by  Captain  Wharton.  The 
conclusion  which  I  reached,  after  carefully  considering  the  conditions 
pf  submerged  banks  of  atoll  form,  is  that  the  ring-shape  of  the  outer 
reef  is  to  be  exphiined  by  the  peculiarly  favourable  conditions  for 
coral  growth  found  on  the  external  slopes.  Although  corals  may  and 
do  flourish  in  lagoons,  they  are  only  found  in  knolls  and  patches,  and 
are  always  liable  to  be  smothered  when,  by  a  change  in  the  tidal 
currents,  sand  is  thrown  down  upon  the  place  where  they  are  grow- 
ing. On  the  external  slopes,  however,  corals  grow  in  extraordinary 
abundance,  and  chiefly  those  massive  forms  whose  skeletons  take  bo 
conspicuous  a  shore  in  the  formation  of  coral  rock.  If  once  it  is 
admitted  that  the  periphery  of  the  reef  offers  peculiarly  favourable 
conditions  to  the  growth  of  reef -forming  corals,  it  follows  that,  as 
the  reef  rises  to  the  surface  its  external  parts  will  outstrip  the  more 
internal,  and  will  reach  the  surface  first,  forming  a  rim  artrmnd  a 
central  depression  or  lagoon.  This  elevated  rim  will  be  as  marked  a 
feature  in  submerged  as  in  complete  atolls.  Not  long  after  I  had 
arrived  at  this  conclusion,  and  whilst  the  earlier  part  of  this  paper 
was  writing.  Captain  Wharton  published  a  letter  on  coral  formations 
in  '  Nature,'  in  which  he  arrives  at  identical  conclusions.  His  know- 
ledge of  coral  islands  is  so  extensive  that  his  views  have  great 
authority,  and  I  am  extremely  pleased  t'O  find  that  his  opinions  on 
this  subject  are  the  same  as  those  which  I  have  formed.  The  only 
point  in  which  I  differ  with  him  concerns  the  explanation  of  the 
favourable  conditions  on  the  external  slopes. 

Following  AgHSsiz,  Murray,  Guppy,  and  others.  Captain  Wharton 
supposes  that  the  favourable  conditions  consist  in  the  increased  food 
supply  brought  by  the  superficial  currents  of  the  ocean.  This  I 
cannot  believe  to  be  a  complete  explanation.  The  quantity  of  food 
present  must  of  course  determine  the  existence  of  coral  polypes  in 
any  particular  locality,  as  it  does  that  of  all  other  animals,  but  it 
cannot  be  considered  to  be  the  chief  favouring  cause  of  coral  growth 
on  the  external  shores  of  an  atoll  for  several  reasons.  If  the  prime 
cause  of  luxuriant  coral  growth  is  an  abundant  food  supply,  and  if,  as 
we  may  assume  for  the  present,  the  food  consists  in  the  minute  pelagic 
animals  borne  in  ocean  currents,  there  must  always  be  s  definite  rela- 
tion between  ocean  currents  and  coral  formations.  Some  authors 
(Agassiz  and  Mnrray)  have  gone  so  far  as  to  say  that  coral  reefs  are 
only  formed  in  the  track  of  great  ocean  currents.  This  is  hardly  the 
case.  In  the  Pacific  a  study  of  the  chart  shows  that  atolls  and  barrier 
^efs  are  formed  irrespective  of  currents,  and  some  large  groups,  such 
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as  the  Paamota  Iblands,  seem  to  lie  altogether  to  one  side  of  the  pre- 
vailing currents.  The  islands  north  of  Madagascar  (Cosmo  Ledo, 
Farqnhar  groups,  &c,)  do  not  lie  in  the  track  of  the  Mozambique 
current,  but  to  one  side  of  it,  and  the  Ghagos  g^oup  does  not  lie  in 
any  constant  current,  but  is  at  one  season  of  the  year  washed  by  the 
currents  caused  by  the  S.E.  trades,  at  another  by  the  insular  our-' 
rents  caused  by  the  N.W.  monsoons.  During  the  latter  season  f^ere 
are  often  long  periods  of  absolute  calm  during  which  the  currents 
are  merely  tidal.  The  S.E.  trades,  however,  are  the  dominant  winds 
both  in  force  and  frequency,  and  if  the  coral  growth  were  dependent 
chiefly  on  the  supply  of  food  brought  by  surface  currents,  those  corals 
growing  on  the  windward  side  would  naturally  have  the  advantage  in 
the  food  sapply.  Situated  in  the  direct  tract  of  the  current,  they 
would  receive  an  abundant  supply  of  living  organisms,  and  then  the 
impoverished  current,  sweeping  past  the  sides  of  the  reef,  would 
become  poorer  and  poorer  in  organic  life  as  it  flowed  towards  th& 
leeward  side,  till  finally  on  the  further  shore,  the  backwash  would 
hardly  bring  any  sufficient  supply  of  food  for  coral  growth.  A  reef, 
therefore,  would  tend  to  extend  in  the  direction  of  the  current,  and 
the  longer  diameters  of  the  atolls  might  be  expected  in  the  Chagos 
groups  to  lie  S.E.  and  N.W.  This  is  not  the  case.  Diego  Gburcia  and 
Speaker's  Bank  lie  north  and  south ;  Peros  Banhos  is  nearly  squats ; 
the  Solomons  lie  N.E.  and  N.W. ;  the  Great  Ghagos  Bank  lies  east 
and  west.  Pitt's  Bank  does  lie  S.E.  and  N.W.,  but  the  rim  on  the 
northern  and  north-western  side  is  nearer  to  the  surface  bv  some 
5  fathoms  than  it  is  on  the  Bonthcm  and  south-eastern  side,  indicating 
a  more  vigorous  coral  growth  on  the  side  turned  away  from  the  pre^ 
vailing  current.  In  the  case  of  a  submerged  bank  it  is  difficult  to 
see  why  the  corals  situated  to  leeward  should  be  better  off  as  regards 
food  supply  than  those  living  in  the  interior  of  the  lagoon,  for  the 
superficial  pai*ts  of  the  current  would  flow  freely  over  the  windward 
rim  and  bring  abundant  food  into  the  lagoou.  But  in  the  Great 
Chagos  Bank  the  northern  rim  is,  on  the  average,  higher  than  the 
south-eastern,  and  all  the  islets  are  placed  on  the  northern  and  western 
parts  of  the  rim.  A  study  of  the  corals  growing  within  the  lagoon 
of  Diego  Garcia  is  in  this  case  of  considerable  interest.  If  their 
existence  depended  upon  pelagic  life  brought  to  them  by  currents,  it 
would  be  expected  that  the  most  numerous  .coral  patches  would  be 
found  at  the  northern  end  of  the  lagoon  in  the  track  of  the  tidal 
currents.  There  is  a  considerable  area  of  active  coral  growth  to  the 
south  and  west  of  Middle  Islet,  but  beyond  this  there  is  no  relation 
whatever  between  the  luxuriance  of  the  coi*al  patches  and  the  month 
of  the  lagoon.  Corals  grow  most  vigorously  along  the  shore  between 
Minni  Minny  and  East  Point,  and  most  vigorously  of  all  at  the 
^aihern  end  of  the  lagoon,  where  they  are  most  remote  from  the 
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influence  of  currents  setting  in  from  the  ocean.  Yet,  as  I  have 
already  shown,  it  is  to  the  growth  of  coral  alone  that  the  shoaling  of 
this  part  of  the  lagoon  can  be  attributed.  These  facts  are  a  sufficient 
argument  against  the  idea  that  currents  teeming  with  pelagic  life  are 
the  prime  factors  in  determining  coral  growth.  It  must  be  remem- 
bered that  we  are  very  ignorant  about  the  food  of  corals.  There  are 
very  few  accounts  of  the  food  found  in  their  digestive  cavities,  and  it  is 
purely  an  assumption  to  speak  of  their  feeding  only  on  pelagic  organ- 
isms. I  have  in  another  place  repoi'ted  the  presence  of  vegetable 
matter  in  the  curiously  modified  digestive  stomodeeum  of  Euphyllia, 
and  T  have  no  doubt,  after  what  Dr.  Hickson  has  told  me  of  the 
relations  of  corals  to  mangrove  swamps  in  Celebes,  that  far  more 
corals  are  veg^etable  feeders  than  has  hitherto  been  supposed.  The 
lagoon  of  an  atoll  is  always  full  of  decaying  vegetable  matter  derived 
from  the  shore  bushes  and  palms,  and  it  seems  likely  that  thei*e  is  a 
connexion  between  the  richer  coral  growth  along  the  shores  of  a  lagoon 
and  the  supply  of  vegetable  debris  from  the  shore. 

My  observations  incline  me  to  the  belief  that  the  most  important 
circumstances  afiPecting  coral  growth  are  the  direction  and  velocity  of 
currents.  My  observations  are  confirmed  in  every  particular  by  those 
made  by  Dr.  Hickson  in  Celebes,  and  communicated  by  him  to  the 
British  Association  in  1887.  Corals  grow  best  in  places  where  a 
moderate  current  flows  constantly  over  them.  They  are  killed  in 
still  water  by  the  deposition  of  sediment,  and  they  will  not  grow  in 
places  where  a  strong  current  sets  directly  against  them.  I  noticed 
at  Diego  Garcia  in  many  places,  but  particularly  at  the  east  end  of 
East  Islet,  that  a  strong  and  direct  ocean  current  is  most  unfavourable 
to  coral  growth,  and  that  the  reef  is  barren  and  suffering  rapid 
erosion  at  such  exposed  spots  as  allow  the  whole  force  of  the  current 
to  fall  directly  upon  them.  As  the  current  parts  and  flows  round 
the  obstacle,  one  meets  with  a  reef  covered  with  debris^  but  barren  of 
live  coral ;  further  on,  as  the  current  moderates  in  force,  one  finds  a 
few  growing  heads  of  coral ;  and,  finally,  at  the  further  end  of  the 
reef,  where  the  current  has  abated  its  force  considerably,  there  is  a 
luxuriant  bed  of  living  corals  and  Alcyonaria.  This  can  be  seen  in 
perfection  on  the  southern  reef  of  East  Islet.  Dr.  Hickson  tells  me 
that  he  has  observed  the  same  facts  at  Celebes,  that  direct  and  strong 
currents  are  unfavourable  to  coral  growth,  that  moderate  tangential 
currents  are  extremely  favourable,  and  sluggish  or  still  water  again 
unfavourable.  This  view,  which  both  of  us  can  support  by  many 
observations,  is  much  at  variance  with  the  old  accepted  saying  that 
corals  grow  best  whei'e  the  breakers  are  the  heaviest.  It  appeared  to 
TOO  that  heavy  breakers  are  not  favourable  to  coral  growth,  because 
of  the  quantity  of  shingle  which  they  dash  against  the  soft- bodied 
polyps.     Some  massive  forms  might  withstand  the  force  of  breakers 
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and  violent  cnrrents  if  the  polyps  conid  be  safficitotlj  proteoted  from 
the  shingle,  bat  the  branching  Madrepores  are  soon  broken  off  and 
swept  away,  and  even  the  more  massive  MsBandrina  soou  follows,  for 
whilst  the  surface  of  the  colony  grows  the  base  is  dead,  is  soon 
riddled  by  boring  sponges,  Serpnlfe,  ^.,  and  is  no  longer  able  to  bear 
the  strain  pnt  upon  it.  The  great  mass  then  breaks  off  and  is  roUed 
along  the  reef,  pounding  other  corals  in  its  course.  I  was  long 
puzzled  at  Diego  Garcia  when  I  found  that  the  outer  reef  was  nearly 
barren  of  coral,  even  where  it  is  covered  by  a  foot  or  two  of  water  at 
the  lowest  spring  tides.  I  noticed  directly  afler  my  arriral  that  tin 
sea  always  broke  on  the  reef  west  of  Middle  Islet  (Spurs'  Reef),  and 
believing,  from  what  I  had  read,  that  this  must  be  a  most  favourable 
spot  for  coral  growth,  I  took  the  first  opportunity  of  visiting  it  at  low 
tide.  To  my  surprise  I  waded  for  nearly  a  mile,  nearly  waist  deep« 
without  finding  a  single  living  coral  on  the  seaward  flat,  although 
the  lagoon  just  within  the  reef  was  filled  with  knolls  of  living  oorals 
growing  at  various  depths.  All  around  the  shores  I  found  the  same 
thing,  fiat  reefs  of  barren  coral  rock,  sloping  very  gently  down  to  the 
ocean,  on  whose  surfaces,  even  where  they  were  constantly  covered 
with  water,  no  live  corals  were  to  be  found.  Just  at  the  edges  of  the 
rcf,  whore  the  sea  breaks  at  low  spnng  tides,  I  could  detect  during 
the  reflux  of  the  waves,  solid  masses  of  MilUpora^  and  dead  rook 
covered  with  Millepores,  but  no  live  Madrepores,  excepting  where 
narrow  channels  ran  up  into  the  reef,  the  sides  of  which  generally 
bore  a  few  colonies  of  Mceandrina^  Porites,  or  Madrepora  aspera.  On 
the  other  hand,  it  can  readily  be  seen  that  the  external  slopes,  just 
beyond  the  rim  of  the  reef  behind  the  breakers,  are  covered  with 
masses  of  coral.  A  short  experience  of  wading  across  the  reefs 
showed  me  the  reason  of  the  want  of  coral  on  the  fiat  upper  surfaces. 
Debris,  torn  from  the  corals  growing  on  the  slopes,  is  continually 
washed  across  the  flat  reef  surfaces,  and  in  strong  breezes  large 
masses  are  rolled  along.  Even  in  the  calmest  weather  the  coarse 
fi-agments  can  be  felt  sweeping  past  one's  legs  wifh  some  force,  and  one 
can  readily  understand  that  the  soft  polypes  could  not  withstand  the 
constant  wear  and  tear.  The  moderate  currents,  on  the  other  hand,  do 
not  carry  large  fragments,  but  prevent  deposition  of  sand  which  would 
choke  the  corals,  and  at  the  same  time  supply  the  conditions  of  nutri- 
tion  necessary  to  their  growth.  In  still  water,  sand  is  thrown  down  in 
large  quantities,  and  this  and  the  absence  of  a  constant  supply  of 
food  prevents  coral  growth.  The  conclnsions  to  which  I  came  were 
that  the  external  slopes  afforded  conditions  eminently  favourable  to 
coral  growth,  that  the  upper  surfaces  of  the  shore  reefs  were  very 
unfavourable,  and  that  in  certain  parts  of  the  lagoon  favourable  con- 
ditions again  occur,  though  the  growth  is  never  so  luxuriant  there  as 
cm  tho  external  slopes.     Tb.e  (a^iourable  conditions  on  the  last-named 
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places  are  explained  bj  the  bebavionr  of  a  carrent  when  it  meets  with 
an  obstacle  which  presents  a  sloping  wall  to  it.  The  loweidt  parts  of 
a  strong  and  deep  current  are  the  first  to  strike  the  sloping  wall  or 
glacis ;  they  are  in  part  divided  and  sweep  aroand  the  sides  of  the 
obstacle,  but  a  large  part  of  the  carrent  is  deflected  upwards  over  the 
slope,  and  its  action,  combined  with  that  of  the  more  snperficial  parts 
of  the  same  carrent,  results  in  a  moderate  current  flowing  upwards 
over  the  slope  (vide.  Plate  4,  fig.  2).  This  moderat-e  current  favours 
coral  growth  on  the  slope,  but  at  its  upper  edge  the  superficial  current 
combines  with  the  upward  stream,  and  the  two  dash  onwards  with 
increased  force  over  the  flat  upper  surface,  destroying  all  coral  life 
there.  At  the  sides  of  an  island  the  current  flows  tangential ly,  with 
moderated  force,  especially  in  its  more  superficial  portions,  and  affords 
the  necessary  conditions  on  the  external  slopes  there,  whilst  on  the 
reverse  side  of  the  island  the  backwash  affords  weak  currents,  which 
are  highly  favourable  to  coral  growth.  Thus  it  is  that  everywhere 
around  the  island  the  external  slopes  are  covered  with  a  luxuriant  bed 
of  corals. 

To  fully  understand  the  manner  in  which  currents  are  moderated 
in  flowing  past  an  obstacle,  it  is  necessary  to  remember  that  water 
possesses  a  certain  amount  of  adhesiveness,  and  tends  to  cling  to 
the  sides  of  the  obstacle,  so  that  the  current  is  always  rather  stronger 
at  a  little  distance  from  the  obstacle,  whatever  it  may  be,  than  it  is 
where  it  runs  close  against  it,  and  the  rougher  the  surface  past  which 
it  flows  the  greater  is  the  adhesion,  as  is  well  known  to  everyone  who 
has  had  expenence  in  boating  or  shipbuilding. 

The  net  result  of  all  this  is  that  the  coi*als  are  always  thickest  along 
the  slopes  around  a  coral  reef,  and  the  reef  tends  to  increase  at  its 
periphery,  growing  upwards  there,  whilst  it  tends  at  the  same  time  to 
spread  outwards.  These  principles  bold  good  in  the  case  of  a  sub- 
merged bank  as  well  as  in  the  case  of  a  reef  that  is  awasli,  and  a  sub- 
merged bank  must  tend  in  the  course  of  time  to  reach  the  surface  in 
its  circumferential  portions,  and  form  an  atoll-shaped  reef,  on  the  rim 
of  which  detritus  may  be  heaped  from  place  to  place,  forming  shingle 
cays  or  islets  which  may  temporarily  form  dry  land.  In  atolls  where 
storms  are  of  frequent  occurrence,  regular  storm- beaches  may  bo 
formed,  till  the  fragments  piled  high  upon  one  another  may  form  low 
islets  standing  some  6  or  10  feet  above  high  water  mark,  upon 
which  vegetation  may  subsequently  find  a  footing.  Atolls  are  often 
formed  in  this  way,  without  any  elevation  taking  place,  and  such  has 
undoubtedly  been  the  case  in  the  Florida  reefs,  where  atolls  (the  Tor- 
tugas)  and  barrier  reefs  and  islands  have  been  formed  in  an  area  of 
complete  rest.  No  one  who  has  read  the  admirable  work  of  Alex. 
Agassiz  on  the  Florida  reefs  can  fail  to  agree  with  the  author's  con 
elusion  that  the  islets  there  have  been  formed  by  the  action  of  tho 
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wind  and  waves  alone,  without  any  assistance  from  the  upheaval  of 
the  bed  of  the  sea.  But  I  am  not  satisfied  that  this  has  been,  the 
case  in  the  Chagos  group.  Storms  are  of  very  infrequent  occurrenoe 
there,  and  the  horizontal  masses  of  reef  rock  standing  above  high 
water  mark  cannot  be  attributed  to  the  normal  action  of  the  prevailing 
winds  and  currents. 

In  the  Florida  reefs  the  nature  of  the  soil  betrays  its  origui — 
its  strata  slope  towards  the  sea  on  every  side,  and  the  lamination  of 
the  rocks  attests  the  long-continued  action  of  waves  and  spray.  But 
the  alternate  horizontal  layers  of  sand  and  rock  occurring  so  abun- 
dantly at  Diego  Gkrcia  are  quite  different ;  they  do  not  dip  seawards, 
their  composition  differs  from  the  rocks  of  the  Florida  reefs,  and  their 
edges,  instead  of  showing  signs  of  accumulation  of  fresh  material, 
are  often  bluff,  and  show  that  the  sea  is  gradually  eating  them  away. 
It  is  difficult  to  explain  these  appearances  except  on  the  hypothesis  of 
slight  elevation.  It  might  be  objected  that  if  any  upheaval  had  taken 
place,  the  banks  lying  at  various  depths  below  the  surface  would 
have  been  raised  to  different  heights,  and  that  it  would  be  in 
the  highest  degree  unlikely  that  so  many  would  be  raised  some 
4  or  5  feet  above  high  water  mark  and  no  more  throughout  so  large 
areas  as  the  Laccadive,  Maldive,  and  Chagos  Islands ^  and  the  various 
low  groups  in  the  Pacifia  The  force  of  the  objection  most  be 
admitted,  but  it  may  be  observed  that  atolls  raised  from  10  to  40  feet 
above  the  waves  are  not  so  uncommon  as  has  been  hitherto  sup- 
posed, and  that  the  numerous  submerged  banks  lying  at  very  various 
depths  show  that  all  the  reefs  have  not  been  raised  to  one  height 
in  a  single  area  of  elevation.  The  uniform  level  of  many  atolls  and 
barrier  reefs  admits  of  a  farther  explanation.  A  reef  raised  some 
few  feet  above  the  sea  level  is  at  once  attacked  by  the  waves,  and  as 
the  rim  is  very  nanx)vv,  it  must  soon  be  worn  away  till  the  whole  of 
the  land  is  eaten  away,  and  its  surface  is  brought  awash  once  more. 
,  Thus  every  slight  movement  of  elevation  would  soon  be  compensated 
by  the  denuding  action  of  the  waves.  The  island  of  St.  Pierre,  already 
described,  is  a  good  instance  of  this  process  of  erosion.  It  cannot 
be  doubted  that  this  island,  which  has  recently  been  raised  40  feet,  is 
undergoing  rapid  waste,  and  must  soon  be  reduced  to  the  level  of  the 
sea.  At  Diego  Garcia  I  was  astonished  at  the  rapid  destruction  of 
dry  land  which  is  in  progress,  on  the  outside  as  well  as  the  inside 
of  the  lagoon.  The  destruction  is  not  so  great  on  the  outside  as  on 
the  inside  as  a  rule,  for  in  the  former  case  the  i*ampart  of  coral 
boulders  thrown  up  by  the  waves  compensates  in  many  places  for 
their  erosive  action.  But  in  the  bay  above  Horsburgh  Point,  exposed 
to  the  full  strength  of  the  S.E.  trades,  the  destruction  is  very  great. 
M.  Spurs,  an  old  resident  on  the  island,  writes  to  me  on  this  subject : 
"  Cette  destruction  est  Ir^a  rapide  •,  Diego  perd  en  moyenne  un  pied 
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de  terrain  par  an,  tant  int^rietirement  qn'exteriearement,  exccpte 
aox  pointes  N.E.  et  N.O.,  ou  nne  partie  des  sables  entrain^s  du  fond 
de  la  bale  par  les  vents  de  sud-est,  conservent  k  ces  deux  pointes  lenr 
largenr  premiere." 

M.  Spurs  has  overestimated  tbe  rate  of  destruction,  but  there  can 
be  no  donbt  that  it  is  very  considerable.  It  is  most  conspicnoas  along 
the  shores  bordering  the  lagoon.  The  stumps  of  coco-nut  palms,  the 
newly-made  breaches  into  the  land,  forming  shallow  inland  lagoons, 
the  vertical  faces  of  old  banks  of  half  consolidated  sand  all  attest  it. 
Just  above  Point  Marianne  is  a  road  running  along  the  lagoon  ward 
shore,  which  when  I  left  the  island  had  been  narrowed  by  the  action 
of  tbe  sea  to  a  mere  path,  and  was  in  some  places  almost  impass- 
able, as  the  sea  had  made  clean  breaches  across  it,  and  found  its  way 
into  some  shallow  fresh  water  lagoons  lying  on  the  other  side  of  the 
road.  I  was  assured  that  this  road  had  been  over  12  feet  wide  some 
years  previously,  and  that  it  was  formerly  separated  from  the  lagoon 
by  a  narrow  strip  of  land  of  an  equal  width.  Perhaps  the  best 
evidence  of  the  destruction  of  land  is  afforded  by  the  **  barachois  "  at 
the  southern  extremity  of  tbe  island.  These  barachois  are  inland 
lagoons  connected  with  the  main  lagoon  by  a  narrow  outlet  some 
2  fathoms  deep  or  more.  They  are  filled  and  emptied  every  tide, 
and  their  floor  is  intersected  by  numerous  small  channels  running  in 
every  direction.  No  corals  grow  within  the  barachois,  and  a  slight 
study  convinces  the  observer  that  the  daily  scour  of  the  tides  is  de- 
nuding their  shores  and  floors  very  considerably. 

Barachois  are  formed  in  the  following  way : — During  unusually 
high  tides,  when  the  waters  of  the  lagoon  are  dammed  back  by  a 
north-westerly  wind  of  unusual  violence,  the  water  rises  to  great 
heights  and  invades  the  land  in  several  places.  In  some  instances 
it  actually  makes  a  breach  in  the  lagoonward  shore,  and  fills  up  the 
shallow  depressions  which  are  often  found  in  the  middle  of  the  strip 
of  land.  A  pool  of  salt  water  is  thus  formed,  which  kills  the  coco 
palms  and  other  vegetation  growing  in  its  bed,  and  as  this  process  is 
repeated  again  and  again,  in  tbe  course  of  a  few  years  a  channel  is 
cut  out  between  the  pool  and  the  lagoon,  which  finally  becomes  so 
deep  that  spring  tides,  and  finally  even  neap  tides,  run  in  and  out  of 
the  pool  regularly.  As  soon  as  these  conditions  are  established  the 
channel  is  scoured  out  and  deepened,  and  the  daily  tides  scour  out 
the  bed  of  the  pool,  forming  a  complete  barachois. 

It  is  not  easy  for  one  who  has  not  seen  it  to  understand  how 
much  of  the  loose  soil  of  a  coral  islet  can  be  moved  by  a  single 
tidal  encroachment.  It  happened  that  I  was  riding  past  the  very  thin 
strip  of  land  between  Minni  Minny  and  Barton  Point  the  day  after  an 
abnormally  high  tide.  The  strip  of  land  here  is  not  more  than 
30  yards  across,  and  the  sea  had  washed  right  over  it  on  the  pre- 
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vions  da  J,  clearing  away  an  amount  of  soil  which  was  almost  incre- 
dible. Mj  companion  M.  Gasimii-  Leconie  told  me  that  the  sea  had 
not  been  known  to  wash  over  this  plaoe  before.  It  was  apfMunent 
that  after  a  few  more  of  such  high  tides  as  I  had  witnessed,  a  pemifr- 
ncnt  breach  would  be  made  at  this  spot,  and  another  lagoon  outlet 
would  be  formed,  which  would  be  continually  deepened  as  the  tide 
set  through  it.  At  the  south-eastern  side  of  the  island  I  noticed  that 
the  land  was  being  rapidly  destroyed  on  the  outer  shores  just  opposite 
to  a  half-formed  baracbois,  whose  margins  are  situated  not  60  yards 
from  the  outer  shore.  If  the  same  process  of  external  destmotion 
continues,  whilst  the  barachois  is  deepened  and  scooped  oat  from 
within,  it  will  not  be  many  years  before  the  ocean  makes  a  new  channel 
into  the  lagoon  at  this  point.  Thus  the  continuous  strip  of  land  which 
now  nearly  encircles  the  lagoon  of  Diego  Garcia  is  tending  to  be 
split  up  *again  into  a  series  of  islets.  At  the  points  where  the  breaches 
ai*e  made  the  tides  and  ocean  currents  will  rush  with  great  force  into 
the  lagoon  and  will  scour  out  deep  channels  similai*  to  that  now  exist- 
ing between  Middle  and  East  Islets. 

These  facts  taken  together  show  how  the  normal  action  of  tides, 
winds,  and  waves  is  constantly  tending  to  lower  to  the  sea  level  any 
dry  land  that  may  have  been  formed  by  elevation  or  otherwise.  It 
does  not  seem  to  me  to  be  surprising  that  the  majority  of  atolls  and 
*  barrier  reefs  are,  under  such  circumstances,  only  just  able  to  maintain 
their  surfaces  above  the  sea  level. 

No  explanation  of  atoll  formation  would  be  complete  if  it  did  not 
include  an  explanation  of  the  great  Maldive  atolls.  Without 
attempting  to  enter  into  a  lengthy  discussion  of  Darwin's  views, 
I  will  give  my  own  explanation  of  the  atoll.  Tilla-dou-Matte  atoll 
is,  as  is  well  known,  a  huge  atoll  composed  of  atolls.  The  islets 
forming  the  rim  of  the  main  atoll  are  themselves  atolls  with  their 
own  lagoons ;  the  main  lagoon  contains  a  few  secondary  atoUs 
coiTesponding  to  the  coral  patches  in  an  ordinary  atoll.  It  will 
be  generally  admitted  that  coral  reefs  are  constantly  increasing  to 
seaward  because  of  the  excessive  growth  of  coral  on  their  external 
slopes.*  As  the  inward  shores  of  an  atoll  are  constantly  being  re- 
moved, and  an  atoll  if  completely  formed  tends  to  be  broken  up  again 
into  small  islets  when  it  has  reached  a  certain  size,  and  as  the  chan- 
nels  between  the  islets  must  be  continually  deepened  by  the  scour  of 
the  tides  until  deep  passages  are  formed,  an  atoll  like  Diego  Garcia 

*  Tliis  statement  may  at  first  sight  seem  at  Tarianee  with  what  I  have  just  said 
about  the  rapid  destruction  of  land  on  the  outer  and  inner  shores  of  an  atoll ;  but 
in  the  latter  case  it  is  land  above  water  that  is  destroyed.  Coincidently  with  this 
process  the  reef -rock  below  water  is  constantly  tending  to  raise  itself  and  to  ftpread 
in  all  directions,  owing  to  the  perpetual  growth  of  coruls  and  the  accumulation  of 
ibeir  akcletouB, 
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may  be  expected  tx)  reach  in  time  a  condition  like  that  of  Perog 
BanhoB.  It  is  probable  that  a  large  bank  like  the  Great  Chagos 
Bank,  when  it  reaches  the  sarface,  can  never  give  rise  to  a  oontinnoos 
strip  of  land,  bat  mast  consist  of  a  chain  of  islets  separated  bj  chan- 
nek  of  some  depth  and  by  tracts  of  submerged  reef.  The  islets  and 
tracts  of  reef  in  either  case  woald  be  boanded  by  deeper  channels, 
and  these  channels,  swept  by  strong  carrents,  wonld  become  wider 
and  deeper,  for  corals  conld  not  thrive  in  them.  After  a  time  the 
islets  wonld  become  so  far  isolated,  and  the  entries  into  the  lagoon 
wonld  become  so  larg^  and  nnmeroas,  that  oceanic  conditions  wonld 
prevail  in  the  lagoon,  and  then  there  wonld  be  aronnd  each  separate 
islet  or  piece  of  reef  all  the  necessary  conditions  for  the  formation  of 
a  new  atoll.  The  carrents  wonld  strike  npon  one  sicie  of  the  islet 
or  reef,  sweep  ronnd  it,  and  give  a  backwash  at  the  farther  side  ;  the 
corals  woald  floarish  in  the  circnmferontial  parts  of  the  reef  snr- 
ronnding  the  islet,  and  new  atolls  with  shallow  lagoons  wonld  be 
formed. 

In  Tilla-don-Matte  the  lagoons  of  the  secondary  atolls  are  tolerably 
deep.  In  this  case  they  mnst  have  been  formed  before  any  land 
reached  the  snrface.  Applying  the  same  reasoning  as  in  the  former 
case,  it  can  readily  be  nnderatood  how  in  the  case  of  the  Great  Chagos 
Bank,  which  has  wide  and  deep  breaches  in  many  places,  the  isolated 
reefs  as  they  grow  to  the  snrface  mast  tend  to  assnme  an  atoll  form. 
An  examination  of  the  chart  shows  that  this  is  the  case.  The  Great 
Chagos  Bank  in  the  coarse  of  time  will  rise  to  the  sarface  as  an  atoll 
composed  of  secondary  atolls  or  atollons,  similar  to,  bat  on  a  smaller 
scale  than,  Tilla-don-Matte  atoll.  The  explanation  of  atollons  in 
the  centre  of  a  large  lagoon  in  which  oceanic  conditions  have  been 
established,  is  qaite  obvioas. 

In  conclnsion,  I  may  snm  ap  by  saying  that  the  strength  and  direc- 
tion of  currents  appears  to  me  to  be  the  main  inflaence  on  coral  growth ; 
that  the  behaviour  of  carrents  on  meeting  an  obstacle  with  sloping 
shores,  explains  the  superabundant  growth  of  corals  on  the  outer 
slopes  of  a  reef,  whether  submerged  or  awash ;  that  the  growth  of 
corals  on  the  periphery  of  a  bank  being  in  great  excess  of  the  gfrowth 
in  its  interior  portions  is  sufficient  to  explain  the  formations  known 
as  atolls  and  barrier  reefs  without  the  aid  of  the  solution  theory  pro- 
posed by  Mr.  Murray,  and  ably  defended  by  him  in  a  recent  number 
of  '  Nature.'  I  have  shown  that  Mr.  Murray  has  overestimated  the 
effects  of  solution  in  neglecting  the  compensating  action  of  the  re-pre- 
oipitation  of  the  carbonate  of  lime  held  in  solution,  and  the  formation 
of  coral  rock  within  the  lagoon  through  the  agency  of  coral  growth 
there.  I  have  also  shown  that  the  role  played  by  currents  is  not 
what  is  supposed;  that  the  carriage  of  food  by  carrents  must  be 
considered  of  subsidiary  importance  in  estimating  their  effect,  though 
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I  would  be  the  last  to  deny  that  organic  material  brought  hy  currentfl 
must  determine  the  existence  of  coral  polyps  in  every  instance.  I 
have  confined  m^'self  to  a  discussion  of  the  islands  of  the  Indian 
Ocean,  because  I  have  no  practical  knowledge  of  coral  formations  in 
other  parts  of  the  world,  and  it  would  be  rash  to  dogmatise  about 
their  structure  when  the  conditions  may  be  different.  In  the  Indian 
Ocean  I  may  fairly  assume  that  the  coral  groups  are  sabjected  to  the 
same  influences  that  I  studied  at  Diego  Garcia.  No  doubt  many  of 
my  statements  will  be  contradicted  by  observers  in  the  Pacific  Islands 
and  elsewhere.  I  can  only  say  that  they  are  true  of  the  group  which 
I  have  visited,  and  that  within  the  limits  of  that  group  they  form 
contradictions  to  existing  theories.  The  seas  in  which  coral  i>eefs  are 
formed  are  not  all  subject  to  the  same  conditions.  In  the  GhagOH 
group  there  is  always  a  heavy  swell  on  the  ocean,  and  the  sea  breaks 
with  a  great  force  against  the  outer  shores,  and  even  over  the  shallower 
parts  of  submerged  banks ;  the  breakers  are  said  to  reach  a  height  of 
15  to  18  feet,  but  I  never  saw  them  so  large  at  Diego  Garcia.  In 
other  groups  of  coral  formations  the  sea  is  wonderfully  calm,  and  the 
sea  rarely  breaks  on  the  outer  shores  with  any  violence.  Some 
islands  are  situated  in  the  direct  course  of  great  ocean  currents,  others 
are  not,  and  are  swept  by  the  minor  currents  caused  by  prevailing 
winds.  However  one  looks  at  the  subject  one  must  realise  that  the  laws 
governing  the  formation  of  coral  reefs  are  exceedingly  complex,  and 
that  many  circumstances  have  to  be  taken  into  account  before  any 
perfect  explanation  of  their  structure  can  be  obtained.  Action  and 
reaction,  destruction  and  reconsti'uction,  growth  and  decay  are  con- 
stantly at  work ;  the  result  of  the  multitude  of  nicely  balanced  forces, 
seemingly  antagonistic,  is  the  atoll  or  reef.  It  seems  to  me  that  the 
current  theories  of  the  formation  of  coral  reefs  attempt  to  explain 
everything  by  one  or  two  agencies,  whereas  the  agencies  are  numerons, 
and  interact  in  a  most  complicated  manner.  Mr.  Murray  is  undoubtedly 
right  in  laying  stress  on  the  necessities  of  nutrition  suitable  for  coral 
growth,  and  the  solvent  action  of  sea  water,  but  he  has  not  taken 
count  of  other  agencies  wliich  tend  to  modify  and  obscure  these,  and 
therefore  his  theory  is  not  in  itself  sufficient  to  explain  the  question. 
I  cannot  expect  that  my  views  will  be  of  universal  application,  since 
my  observations  were  made  on  so  limited  a  field,  but  1  hope  that  com- 
petent observers  will  spend  some  months  on  coral  formations  in 
different  partes  of  the  world  and  give  the  closest  attention  to  their 
facies,  without  overlooking  the  minutest  particular  bearing  on  coral 
growth  on  the  formation  of  the  reef.  Then  only  shall  we  be  in  a 
position  to  construct  a  general  theory  of  coral  reefs. 

[Note. — The  life  history  of  corals  shows  that  they  are  not  adapted 
to  live  in  strong  and  direct  cuirents.     The  free  larvae  (planulee)  swim 
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about  for  Rome  time  by  means  of  their  cilia  before  they  attach  them- 
selves to  a  suitable  spot,  and  undergo  their  further  development. 
These  planulee  are  necessarily  swept  away  by  strong  currents  to  the 
further  shores  of  a  reef,  and  it  has  been  shown  experimentally  by 
von  Koch  that  they  will  not  attach  themselves  in  a  strong  current,  or 
if  attached,  will  loose  their  hold  when  a  strong  current  is  directed 
upon  them.  Although  coral  colonies  grow  larger  by  budding,  they 
originate  in  every  case  from  planulsB,  and  no  great  group  of  corals 
could  grow  in  a  place  where  the  strong  currents  prevented  planulsB 
from  attaching  themselves. — March  20]. 

EXPLANATION  OF  PLATE. 

Fio.  1  represents  a  diagrammatic  section  throagh  the  surface  soil  of  East  Islet 

showing  the  alternate  layers  of  sand  and  rock  of  which  it  is  composed. 

Scale  i  inch  to  the  foot. 
Fio.  2  shows  the  way  in  whioh  a  current  striking  a  sloping  bank  is  deflected  upwards 

over  its  surface  until  it  joins  the  superficial  part  of  the  main  current  at  the 

upper  edge  of  the  reef. 


III.  "The  Chemical  Composition  of  Pearls."  By  George 
Harley,  M.D.,  F.R.S.,  and  Harald  S.  Harley.  Received 
Febniary  25,  1888. 

Although  there  are  many  qualitative  analyses  of  pearls,  from  onr 
being  unable,  in  their  voluminous  literature,  to  find  any  evidence 
of  a  quantitative  analysis  of  their  ingredients  having  been  recorded, 
we  undertook  the  examination  of  several  varieties,  of  which  the  fol- 
lowing is  an  account : — 

1st.  As  regards  oyster  pearls.  Of  these  three  varieties  were 
examined,  British,  Australian,  and  Ceylonese. 

The  qualitative  analyses  showed  that  they  all  had  an  identical  com- 
position, and  that  they  consisted  solely  of  water,  organic  matter,  and 
calcium  carbonate.  There  was  a  total  absence  of  magnesia  and  of  all 
the  other  mineral  ingredients  of  sea-water — from  which  the  inorganic 
part  of  pearls  must  of  course  be  obtained.  Seeing  that  ordinary 
sea-water  contains  close  upon  ten  and  a  half  times  more  calcium 
sulphate  than  calcium  carbonate,  one  might  have  expected  that  at 
least  some  snlphaf-es  would  have  been  found  along  with  the  car- 
bonates, more  especially  if  they  are  the  mere  fortuitous  concretions 
some  persons  imagine  them  to  be — a  view  we  cannot  endorse,  from  the 
fact  that  by  steeping  pearls  in  a  weak  aqueous  solution  of  nitric  acid, 
we  are  able  to  completely  remove  from  them  all  their  mineral  con- 
stituents without  in  any  way  altering  their  shape,  and  but  very 
slightly  changing  their  naked  eye  appearances,  so  long  as  they  are 
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permitted  to  remain  in  the  solntion.  When  taken  oat  they  rapidly  dry 
and  shrivel  np.  We  shall  take  occasion  to  point  ont  in  our  next 
commnnication,  which  will  be  on  the  microscopic  stmotore  of  paarii, 
that  a  decalcified  crystalline  pearl  bears  an  intimate  resemblance  to  a 
decalcified  bone,  in  so  far  as  it  possesses  a  perfectly  organised  matrix 
of  animal  matter.  No  phosphates  whatever  were  found  in  any  of  the 
three  before-named  varieties  of  pearls.* 

The  next  point  being  to  ascertain  the  exact  proportions  of  the  sub* 
stances  composing  the  pearls,  and  pore  white  pearls  being  expensive, 
from  our  having  ascertained  that  all  tbe  three  kinds  we  yiF&PB  operatr 
ing  upon  had  exactly  the  same  chemical  composition,  instead  of  making 
separate  quantitative  analyses  of  them,  we  simply  selected  two  pearis 
from  each  variety,  of  as  nearly  the  same  size  and  weight — giving  a 
total  of  16  grains — and  analysed  them  collectively,  the  result  obtained 
being — 

Carbonate  of  limet 91'72  per  cent. 

Organic  matter  (animal)    •  • .  •      5*94       „ 

Water 2-23       „ 

Loss 0*11       ,9 

100-00 

From  this  it  is  seen  that  notwithstanding  that  mother-of-pearl 
consists  of  precisely  the  same  ingredients,  their  proportions  are  quite 
different  from  what  they  are  in  fine,  pure  white  pearls  (we  say  fine 
pure  white,  because  pearls  vary  greatly  in  purity,  and  those  we 
analysed  were  good  ones),  which  are  infinitely  denser,  and  con- 
sequently harder  than  the  mother-of-pearl  constituting  the  shells  in 
which  they  are  formed.  The  analysis  of  mother-of-pearl  given  in 
Watts'  '  Dictionary  of  Chemistry  '  is — 

Carbonate  of  lime 66*00  per  cent. 

Water    31-00       „ 

Organic  matter    2*50       „ 

thus  *  showing  that  while  mother-of-pearl  contains  less  than  half 
the  quantity  of  organic  matter  pearls  do,  it  at  the  same  time  possesses 
close  upon  fourteen  times  more  water.  This  fact  appears  to  ns  all 
the  more  surprising  as,  not  alone  to  the  naked  eye,  but  even  under  the 

*  Fhoftphates  are  referred  to  aa  being  present  in  pearls  by  Budler  in  his  article  in 
the  '  EncyclopsBdia  Britannica.* 

t  The  carbonic  acid  was  estimated  bj  disengaging  it  with  dilute  salphurio  acid 

into  a  soda-lime  tube,  and  calculating  the  increase  in  weight  (as  described  by  Lunge 

and  Hurter  in  *  The  Alkali  Maker's  Pocket-book  *).   The  amount  of  the  organic  matter 

by  noting  the  loss  by  weight  afler  calcining— slightly  moistening  the  maw  with  s 

9olution  o£  ammonium  oarbonaU. 


1888»]  The  Chemical  Composition  of  Pearls*  468 

microscope,   the  Btmcture  of  the  mother-of-pearl  of  the  shell  and 
of  pearls  is  almost  identical. 

[One  can  scarcely  imagine  that  the  analyst  could  have  possibly 
employed  in  his  investigation  a  piece  of  shell  while  it  was  yet  in  a 
fresh  and  consequently  moist  state. 

As  regards  the  hardness  of  pearls,  again,  it  may  perhaps  be  as  well 
for  us  to  remark  that  good  pearls  have  a  much  denser  texture  than 
the  majority  of  persons  appear  to  suppose,  as  may  be  gleaned  from 
the  following  facta. 

On  one  occasion  being  desirous  to  crush  into  powder  a  split-pea 
sized  pearl,  we  folded  it  between  two  plies  of  note-paper,  turned  up 
the  corner  of  the  carpet,  and  placing  it  on  the  hard  bare  floor,  stood 
upon  it  with  all  our  weight.  Yet  notwithstanding  that  we  weigh  over 
12  stone,  we  failed  to  make  any  impression  whatever  upon  the  pearl, 
and  even  stamping  upon  it  with  the  heel  of  our  boot  did  not  suffice  so 
much  as  to  fracture  it.  It  was  accordingly  given  to  the  servant  to 
break  with  a  hammer,  and  on  his  return  he  informed  us  that  on 
attempting  to  break  it  with  the  hammer  against  the  pantry  table,  all 
he  succeeded  in  doing  was  to  make  the  pearl  pierce  through  the  paper 
and  gink  into  the  wooden  table,  just  as  if  it  had  been  the  top  part  of 
an  iron  nail,  and  that  it  was  not  until  he  bad  given  it  a  hard  blow 
with  the  hammer  against  the  bottom  of  a  flat-iron  that  he  succeeded 
in  breaking  it. 

In  addition  to  the  foregoing  we  may  likewise  take  occasion  to 
mention  that  shell-fish  pearls  are  not  nearly  so  easily  dissolved  in 
strong  vinegar  as  the  interesting  tale  of  Cleopatra  having  taken  a 
large  pearl  from  her  ear,  and,  after  having  dissolved  it  in  vinegar, 
drunk  it  to  the  health  of  her  lover  Antony,  would  lead  one  to  believe. 
For  during  oar  experiments  we  have  learned  that  not  only  does  it 
take  many  days  to  dissolve  out  the  mineral  constituents  of  a  large 
pearr  in  cold  vinegar,  but  that  it  even  requires  several  hoars  to  extract 
the  mineral  matter,  by  boiling  vinegar,  from  a  pearl  not  bigger  than  a 
garden  pea.  While  in  neither  case,  moreover,  can  the  pearl  be  thus 
made  to  disappear,  as  from  the  fact  of  the  organic  matrix  of  a  pearl 
being  totally  insoluble  in  vinegar,  even  after  every  particle  of  its 
earthy  substance  has  been  removed,  it  still  remains  of  the  same  shape, 
bulk,  and  almost  identical  appearance  as  before.  Hence  we  fear  that 
if  the  Cleopatra  legend  is  to  be  believed  at  all,  it  requires  considerable 
modifications  ere  it  can  be  brought  into  harmony  with  scientific  truth. 
There  is,  indeed,  only  one  way  in  which  a  large  pearl,  such  as  the  one 
Cleopatra  is  said  to  have  employed,  could  be  dissolved  in  vinegar  at 
a  supper- table,  and  that  is  by  having  it  completely  pulverized  by  a 
hard  hammer  and  a  strong  arm  before  applying  the  vinegar  to  it. 
For  once  the  mineral  constituents  of  a  pearl  have  been  reduced  to  the 
state  of  an  impalpable  powder,  they  not  only  readily  dissolve,  but 
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efFervesce  like  a  seidlitz  powder — thongli  mnch  less  strongly — when 
broaght  into  contact  with  strong  vinegar,  and  thns  on  their  being 
diluted  with  water  may  be  transformed  into  what  might  be  called  a 
cooling  lover's  potion,  while  from  the  organic  matter  having  at  the 
same  time  as  the  mineral  constituents  been  minutely  snbdividedy  its 
presence  would  scarcely  be  recognisable  in  the  solution.]* 

2nd.  Composition  of  cocoa-nut  pearls. 

Qualitative  analyses  of  pearls  found  in  cocoa-nuts  bave  been 
published  by  both  Dr.  J.  Bacon  and  Dr.  Kimminis.t  Bat  their 
analyses  differ  somewhat,  for  while  Bacon  found  carbonate  of  lime  and 
an  organic  substance  akin  to  albumen,  Kimminis  met  with  nothing 
whatever  in  them  except  pure  carbonate  of  lime.  We  subjected  a 
portion  of  a  garden  pea  sized  cocoa-nut  pearl,  weighing  14  grains 
(kindly  g^ven  to  us  by  Messrs.  Streeter)  to  analysis,  and  found  that, 
like  shell-fish  pearls  it  consisted  of  carbonate  of  lime,  organic  matter 
(animal),  and  water. 

The  pearl  which  we  examined  was  sent  to  Messrs.  Streeter  by  their 
agent  at  Singapore  (the  same  place  from  whence  Bacon  obtained  his 
specimen),  and  as  we  stated  last  year  (on  June  the  8th),  when  we 
exhibited  at  the  soiree  of  the  Royal  Society  both  drawings  and  micro- 
scopic sections  of  it,  we  are  exceedingly  sceptical  of  the  pearl  we 
examined  being  in  reality  the  product  of  a  cocoa-nut,  for  the  following 
reasons.  It  had  all  the  external  appearances  of  the  pearls  found  in 
the  large  clams  {Tridacna  gigas)  of  the  Southern  Ocean,  being 
perfectly  globular,  with  a  smooth,  glistening,  dull  white  surface,  and 
resembling  them  exactly  in  microscopic  structure.  Besides  which  in 
chemical  composition  it  bore  no  similarity  to  cocoa-nut  milk,  to 
which  ik  is  supposed  to  be  related.  For  cocoa-nut  milk  is  said  tt> 
contain  both  the  phosphate  and  the  malate,  but  not  the  carbonate  of 
lime.  That  there  are  pearls  found  in  cocoa-nuts  we  do  not  presume 
to  deny ;  all  we  mean  to  say  is  that  we  are  doubtful  if  the  specimen 
we  examined  had  such  an  origin.J 

3rd.  As  regards  mammalian  pearls. 

These  so-called  pearls  have  been  met  with  in  human  beings  and  in 

*  Added  March  27th,  1888. 

t  See  *  Proceedings  of  the  BoBton  Society  of  Natural  History,*  toI.  7, 1861,  p.  290; 
Tol.  8,  1862,  p.  173;  'The  Tropical  Agriculturist,'  April,  1887;  and  *  Nature,' 
16th  June,  1887  (Dr.  Hickson  and  Mr.  Thiseltoii  Dyer). 

X  Since  this  paper  was  in  typo  I  have  kindly  had  my  attention  drawn  by  Dr. 
Hickson  to  a  letter  from  J.  G.  F.  Riedel,  of  Uti*echt,  in  '  Nature,'  16t]i  September, 
1887,  in  which  he  states  that  in  1886,  while  in  North  Celebes,  he  found  a  pearl  **  in 
the  endosperm  of  the  seed  of  the  cocoa-nut."  And  that  he  has  in  his  possession 
**  two  melati  pearls  {Jcumininm  sambac)  ;  one  tjampaka  pearl  {Michelia  lonffifoUa)^ 
found  in  the  flowers,  according  to  the  natives.  One  of  the  cocoa-nut  penrls  has  a 
pear-shaped  fi)rm,  the  length  being  28  mm.  The  common  name  amongst  the  natives 
for  this  kind  of  pearl  is  mualiVa." — Qt.  H..,  l%t  March,  1888. 
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oxen.  The  first  person  who  kindly  called  onr  attention  to  those  of  the 
ox  was  the  lat^e  Professor  Pannum,  of  Copenhagen,  who  in  1874  pre- 
sented us  with  some  specimens  Jie  had  found  in  the  gall-bladder  of  a 
Danish  ox.  * 

In  so  far  as  naked  eye  appearances  are  concerned,  a  good  specimen 
of  the  variety  of  pearl  now  spoken  of  is  qoite  undistingaishable  from 
a  fine  specimen  of  oriental  oyster  pearl,  from  its  not  only  being  globu- 
lar in  shape,  and  of  a  pure  white  colour,  but  from  its  also  possessing 
the  iridescent  sheen  so  characteristic  of  oriental  oyster  pearls  of  fine 
quality. 

In  chemical  composition,  however,  mammalian  pearls  bear  no 
similarity  whatever  to  pearls  found  in  shell-fish,  for  they  are  com- 
posed of  an  organic  instead  of  an  inorganic  material,  namely  cholesterin. 
In  minute  structure  again,  they  bear  a  marked  resemblance  te  the 
crystalline  variety  of  shell-fish  pearls. 

The  quantitative  analysis  of  human  pearls  yielded  in  100  parts — 

Water    205 

Solids 97-95 

The  solids  consisted  of — 

Cholesterin 98-6.3 

Animal  matter 1*87 

From  this  it  is  seen  that  human  pearls  are  in  reality  nothing 
more  nor  less  than  exceedingly  pure  cholesterin  biliary  concretions. 

This  note  on  the  chemical  composition  of  pearls  is  intended  as  a 
prelude  to  a  paper  we  purpose  shortly  laying  before  the  Society  on  the 
microscopic  structure  of  the  different  varieties  of  pearls  we  had  the 
honour  of  exhibiting  sections  of  with  the  lime-light,  as  well  as  micro- 
scopic drawings,  at  the  soiree,  on  the  8th  June,  1887,  and  of  which  a 
detailed  report  was  given  in  the  17t.h  No.  of  the  *  Cheltenham  Ladies* 
College  Magazine,'  pp.  37 — 42,  by  J.  F.  Muspratt. 


IV.  "On  the  Vertebral  Chain  of  Birds."     By  W.  K.  Pakker, 

F.R.S.    Received  March  8,  1888. 

A  few  years  ago  I  noticed  a  remarkable  fact  in  the  development  of 
the  Green  Turtle  {Chelone  viridis),  namely,  that  whilst  thirteen 
myotomes  are  developed  in  the  cervical  region,  the  intei'calary  ver- 
tebral segments  found  afterwards  are  only  eight* 

More  recently,  whilst  working  out  the  development  of  the  vertebree 
in  various  types  of  Birds,  it  struck  me  that  we  have  in  these  high 
rot*ms    creatures    in    which    the   vertebral   chain    has    been    greatly 

*  See  " Challenger"  Reports,  Zoology,  vol.  5,  Plate  1,  fig.  3,  pp.  48  and  50. 
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shortened  daring  their  secular  development.  It  seems  to  me  to  be 
probable  that  the  Amphibian  stock  from  which  birds  arose — ^beooming 
Reptiles  in  their  ascent,  bnt  spnmiugi  that  intermediate  stage — were 
long,  eel -like  forms,  not  dissimilar  to  Afnphiuma  and  Menobranehu 
among  the  exiuting  Urodele<«.  I  will  therefore  state  what  evidence 
there  is  of  evolntional  abbreviation  in  the  development  of  tlie  spedeii 
in  existing  Birds. 

Working  with  Foster  and  Balfonr's  *  Elements  of  Embryology  * 
beside  me,  I  was  struck  with  one  part  of  their  description,  and  with 
my  own  preparations  showing  the  phenomenon.  At  page  157  we  read 
as  follows : — 

*^  The  notochord  [in  the  Chick]  is  on  the  sixth  day  at  the  maxi- 
mum of  its  development,  the  changes  which  it  henceforward  under- 
goes being  of  a  retrograde  character. 

"  From  the  seventh  day  onward  it  is  at  various  points  encroached 
upon  by  its  investment.  Constrictions  sre  thus  produced,  which  first 
make  their  appearance  in  the  intervertebral  portions  of  the  sacral 
region.  In  the  cervical  region,  according  to  G^genbaur,  the  inters 
vertebral  portions  are  not  constricted  till  the  ninth  day,  though  as 
early  as  the  seventh  day  constrictions  are  visible  in  the  vertebrol 
portions  of  the  lower  cervical  vertebrae.  By  the  ninth  and  tenth 
days,  however,  all  the  intervertebral  portions  have  become  distinctly 
constricted,  and  at  the  same  time  in  such  vertebral  portions  there  have 
also  appeared  two  constrictions,  giving  rise  to  a  central  and  to  two 
terminal  enlargements.  In  the  space  therefore  corresponding  to  each 
vertebra  and  its  appropriate  intervertebral  portion,  there  are  in  all 
four  constrictions  and  their  enlargements." 

I  had  long  ago  noticed,  figured,  and  described  a  similar  monili- 
form  condition  in  the  cephalic  portion  of  the  notochord  in  the  Chick,* 
and  this  observation  set  me  speculating  upon  the  dying  out  of  the 
axial  segmentation  in  the  region  of  the  skull. 

Now  this  peculiar  secondary  and  temporary  segmentation  of  the  noto- 
chord is  not  equal  throughout  the  whole  chain  of  rudimentary  ver- 
tebne;  I  can  only  find  two  heads  in  the  sacitil  region,  and  none  in  the 
caudal. 

Nevertheless,  taking  these  headings  as  a  true  historical  record  of 
development,  and  allowing  for  tliera  in  such  a  bird  as  the  Common 
Swan  {Cygnus  olor),  we  get,  liypothetically,  a  very  long  ancestral 
form.  In  that  bird  there  are  thirty  presacral,  twenty-one  sacnil,  and 
thirteen  caudal  vertebraB  that  are  developed  as  distinct  vertebral 
segments  of  the  axis.  Then,  if  we  treble  the  presacrals  and  double 
the  sacrals,  we  add  eighty-one  to  the  actual  sixty-four  of  the  modem 
bird,  and  thus  obtain  more  than  twelve  dozen — 145 — vertebrae  with 
which  to  accredit  the  ancestral  form. 

*  '  PJiil.  Trans  ,'  1809,  Plate  81,  figs.  2  and  7,  and  Plato  82,  fig.  3,  p.  771. 
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On  the  Number  of  Vertebroe  in  Existing  Birds. 

The  Swan,  one  of  the  noblest  of  the  Precocial  birds,  comes  the 
nearest  of  any  t)f  the  Cannatee  to  the  huge,  almost  wingless  Struthions 
types  in  the  large  number  of  its  vertebrae ;  indeed  in  the  cervical 
region  it  has  more  vertebrsB  than  any  bird  I  have  yet  examined, 
namely,  twenty-five,  and  its  general  sacral  region  is  as  long  as  in  the 
large  Ratitas,  so  that  this  bird,  although  so  exquisitely  specialised  as  a 
flying,  swimming,  sailing,  and  walking  bird,  has  not  departed  very 
far  from  the  Struthious  birds  in  respect  of  the  length  of  the  spine. 
More  than  this,  in  my  recent  researches  into  the  development  of  this 
and  cognate  birds,  I  find  that  the  Swan  has  been  built  upon  the 
Struthious  foundation — so  to  speak.  In  the  parts  that  suspend  them- 
selves from  the  twenty-one  sacral  vertebrae,  the  hip-girdle  moieties, 
it  is  most  clearly  seen  that  the  difference  in  these  parts  between  this 
bird  and  the  African  Ostrich  (Strtithio  camelus)  is  altogether  one  of 
gentle  transformation  by  a  late  growth  of  cartilage.  Arrest  the  pelvis 
of  the  embryo  Swan,  when  only  two-thirds  ripe,  and  in  the  ossification 
afterwards  unite  the  puhes  by  ankylosis,  and  then  the  two  pelves 
would  correspond,  point  by  point.  So  that  this  part  of  the  skeleton 
passes  in  the  most  orderly  manner,  first  through  a  general  Reptilian, 
then  through  an  Omithoscelidan,  and  then  through  a  Struthious  stage, 
before  it  takes  on  the  characteristic  form  of  the  Swan,  the  pelvis  of 
which  is  one  of  the  largest  and  most  remarkable  in  the  class,  and 
quite  typical,  nevertheless,  as  the  pelvis  of  a  Carinate  bird. 

Returning  to  the  Vertebral  Chain,  I  may  now  show  how,  for 
adaptive  purposes,  that  series  of  axial  segments  gets  shorter  and 
shorter  as  we  ascend  towards  the  smallest  and  highest  of  the 
"  Altrices,"  the  highest  kind  of  birds,  with  tender  young,  and,  as  a 
rule,  arboreal  niditication. 

Even  within  the  limits  of  the  Anatidae,  the  family  to  which  the 
Swan  belongs,  the  cervical  and  sacral  series  get  reduced  to  about 
three-fourths  the  number  found  in  the  Common  Swan.  Indeed,  in  the 
genus  Gygnus,  itself,  I  find  a  variation,  for  in  C,  nigricollis  there  are 
only  twenty- four  cervical  vertebrae. 

But  amongf  the  larger  Precocial  birds  the  number  varies  extremely, 
and  in  passing  from  species  to  species,  in  the  Cranes  (Gruidae),  I  find  no 
two  alike  in  this  respect.  Once,  however,  amongst  the  noblest  and 
most  intelligent  of  all  the  birds,  the  Passerines,  and  we  come  upon  a 
uniformity  that  is  as  remarkable  as  the  variety  seen  in  the  wading, 
and  land,  and  water  birds. 

The  Crows  stand  at  the  top  of  the  Passerines,  and  being  the  largest 
kind,  they  have  the  longest  vertebral  chain. 

In  the  old*  Rook  or  Carrion  Crow  (Gormis  frugilegus  and  (7.  corone), 

*  The  fledgling  it  more  generalised,  and  has  tweWe  vertebra  united  bj  the  diapo- 
pb  jses  in  the  sacral  series. 
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the  vertebral  series  is  twenty  in  the  presacral  region,  or  only  two- 
thirds  as  many  as  in  the  Common  Swan,  eleven  in  the  sacral  region, 
or  half  as  many  as  are  enclosed  by  the  ilia  in  the  Swan,  whose  first 
caudal  corresponds  with  the  last  sacral  of  many  birds. 

Instead  of  sixty-fonr,  I  can  only  find  forty-two  vertebra?  deve- 
loped in  a  Grow,  twenty  pre-sacrals,  eleven  sacrals,  and  eleven 
caudals. 

Now  taking  a  familiar  bird,  the  Common  Chat  (Pratincola  rubeira), 
I  find  that  it  has  only  nineteen  presacrals,  eleven  sacrals,  and  origpi- 
nally  eleven  caudals,  but  only  seven  distinct  in  the  adalt.  Now  we  f^t 
in  the  cervical  region  in  this  little  bird,  fourteen  vertebne,  one  less 
than  in  the  Crow,  little  more  than  half  as  many  as  in  the  Swan,  and 
jast  twice  as  many  as  in  the  normal  Mammal. 

I  take  up  the  next  that  comes,  the  Yellow  Wagtail  {Budytes  rayi)^ 
and  it  has  the  same  number  as  the  Chat ;  and,  indeed,  in  only  one 
species  of  Passerine  bird,  namely,  Petroica  hicolor*  from  Western 
Australia,  are  there  only  sixteen  free  vertebrse  in  front  of  the  connpimnd 
sacrum. 

As  a  rule,  however,  in  the  lesser  birds  of  this  Order  the  number  is 
marvellously  uniform,  and  agrees  with  what  I  have  given  above. 

But  the  lesser  species  of  Passerines  amount  in  number  to  nearly  one- 
third  of  the  known  species  in  the  whole  Class  of  the  Carinatsd. 

If  it  could  be  shown  that  the  lesser  singing  birds  had  corae  up 
directly  from  the  low  ancestral  forms,  they  yet  suggest  a  rather 
long  spine  for  that  ancestor.  It  might  have  possessed  ninety  vertebne. 
But  I  have  bj  mo  most  satisfactory  proofs  that  the  highest  singing 
birds  came  through  a  series  of  forms  that  are  traceable  towards  the 
Struthioua  birds,  until,  at  last,  I  have  no  doubt  of  their  merging  into 
tbcm. 

The  Passerines  from  the  Notogaea,  both  east  and  west,  have  among 
them  various  genera  that  come  short  of  the  excellence  of  the  general 
Arctogroal  types.  This  is  seen  in  the  structure  of  their  skulls,  and  in 
their  vocal  organs,  and  in  the  lower  grade  of  their  intelligence,  whilst 
in  the  "  PteroptochidaD,'*  the  sternum  itself — a  sort  of  anclwr  to  the 
classifier,  which  is  very  safe  and  sure  in  all  the  Pass^ines  except 
in  two  or  three  genei-a — gives  way  at  last,  and  in  those  birds  has  Jim 
metasternal  processes  ii) stead  of  three. 

In  the  smallest  of  all  birds — the  Humming-birds — the  actual  number 
of  vertebra)  varies  very  little  from  what  is  found  in  the  lesser  Pas- 
serines, but  they  are  generally  disposed  of  in  a  different  manner ;  they 
may  have  as  many  as  four  pairs  of  developed  ribs  in  the  fore  part  of 
the  sacrum,  as  in  the  largest  kind  (Patagona  gigas)  ;  in  lesser  forms,  as 
Heliustri/pJui  parzudakii,  Diplogenia  hfsperuSy  and  also  in  the  long- 

•  See  Owen,  •  Osteol.  Catal.  Mus.  Coll.  Surg.,*  vol.  1,  p.  299,  No.  1684. 
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biUed  Docimastea  ensifer,*  I  find  only  three.    In  the  lesser  Passerines, 
as  a  rale,  only  one  pair  of  saoral  ribs  are  developed. 

On  the  Articulation  of  the  Vertebras  in  Birds. 

Special  modification  of  the  vertebral  chain  takes  place  to  a  greater 
extent  in  birds  than  in  any  other  of  the  Vertebrata.  Even  in  the 
intensely  modified  vertebrstf  of  Serpents,  with  their  zygosphene  and 
gygantrum,  we  still  have  merely  the  "  procceloos  "  articulation  of  the 
centra. 

Bat  in  birds,  as  soon  as  the  short-tailed  forms  appear,  we  have  as  in 
Marsh's  gigantic  Hesperomis,  or  feeble-winged  Colymbine  Grebe  with 
plearodont  teeth — the  highest  known  form  of  the  vertebral  articula- 
tion, namely,  the  " cylindroidal'*  or  " heterocoelous."  This  most 
accurate  mode  of  locking  the  vertebral  segments  together,  in  which 
the  centra  viewed  from  below  seem  to  be  procoBlous,  but  seen  endwise 
or  laterally  are  opisthocoelous,  is  peculiar,  as  far  as  I  know,  to  birds, 
and  apparently  was  not  always,  or  from  the  beginning,  present  in 
them.  This  seems  to  be  shown  by  the  fact  that  the  other  of  Marsh's 
toothed  birds,  namely,  Ichthyomis^  has  for  the  most  part  "amphi- 
ccbIous  "  vertebrae,  only  one  or  two  joints  at  the  upper  part  of  the  neck 
showing  the  cylindroidal  articulation,  and  that  imperfectly. 

Now  this  is  a  most  puzzling  fact  in  Palesontology,  for  Ichthyomis  is 
a  Carinate  bird,  and  as  far  as  I  can  see,  is  the  parent  form  of  the  Gulls 
(Laridae),  although  it  possesses  thecodont  teeth  in  its  long  jaws. 
Everyone  knows  that  the  Loons  and  Grebes  (Colymbusy  Podilymhris^ 
and  Todiceps)  are  '*  Pygopods,"  and  rather  of  a  low  type,  but  the 
Gulls  are  amongst  the  noblest  and  most  intelligent  of  the  Palmipeds, 
and  are  semi-alfricial  in  their  breeding. 

Now  it  is  a  fact  that  modem  Grebes  and  Loons  disagree  with  the 
other  Pygopods  in  having  all  their  presacral  vertebrsa  cylindroidal, 
whilst  the  Alcid®  and  the  Penguins  (Spheniscides)  and  Gulls  have 
their  dorsal  vertebras  opisthocoelous.  More  than  this,  by  careful 
examination  of  the  fore  end  of  the  first  sacral  (dorso-sacrcd)  vertebra 
in  the  lesser  Gulls  (Larus  cantiSy  L.  ridihundiis,  L.  tridactylus),  I  find 
that  this  is  nob  a  hall  to  fit  accurately  into  the  cup  of  the  last  free 
dorsal,  but  that  its  facet  is  sinuous,  and  does  leave  some  space  inside 
the  joint. 

Hence  I  infer,  cautiously,  but  with  some  considerable  degree  of  con* 
fidence,  that  the  modern  Gulls  have  not  quite  perfected  even  the  lower 
or  **  opisthocoelous  "  form  of  articulation  of  the  vertebral  centra  for 
all  their  dorsals. 

I  call  the  opisthoccsloas  mode  of  articulation  lower,  because  it  cer- 
tainly comes  short  in  type  of  the  cylindroidal,  and  is  I  believe  the 

*  In  that  bird,  which  is  much  smaller  than  Fatctgona^  the  whole  slull  is  5|  inches 
long  (137  mm.),  and  the  rest  of  the  axis  2^  inches  (56  mm), 
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more  common  kind  of  articulation  in  Arcbaic  Reptiles,  whilst  tlio 
''  procoelons  "  mode  is  almost  universal  in  the  existing  Reptiles. 

But,  in  fact,  Birds  are  very  eclectic  in  the  manner  in  which  their 
vertebral  centra  are  articulated,  and  any  kind  of  articulation  that 
happens  to  be  the  best  for  the  particular  region  in  which  it  is  found 
is  selected,  so  to  speak. 

I  will  show,  1st,  in  what  families  the  dorsal  vertebra  are  opistho- 
coelous ;  2ndly,  the  modification  in  Birds  of  that  type  of  articulation ; 
and  then  how  many  sorts  of  articulation  they  exhibit  in  this  or  that 
Family. 

In  his  valuable  memoir  on  the  Penguins,*  the  late  Professor 
Morrison  Watson  greatly  understates  the  number  of  Families  that 
have  this  peculiarity,  namely,  the  Penguins  and  the  Auks.  Now 
amongst  the  Steganopods  or  Pelicanine  types  they  are  found  in  the 
Cormorants  and  Darters  (Ploius), 

Amongst  the  Old  World  Pygopods  this  structure  occurs  in  all  the 
AlcidsB — Alca^  Uria,  Ciceronia,  Ac,  and  in  all  the  Charadriomorpbe 
or  Shore  birds  (Limicolee),  and  in  the  Gulls  (Laride,  Lestrided,  Ac.), 
but  not  in  the  Petrel  tribe — Procellaridas. 

But  amongst  the  most  highly  specialised  arboreal  '*Altrices"  I 
have  long  been  familiar  with  this  peculiarity  in  the  great  Parrot 
Family — PsittacidsB — in  which,  strangely  enough,  it  is  combined  with 
a  very  unlooked  for  character,  namely,  with  terminal  epiphyses — a 
structure  which  begins  to  show  itself  in  the  Omithorhynchus,  in  the 
caudal  region. 

This  is  very  remarkable  in  these  high,  hot-blooded  birds,  for  in  the 
whole  class  epiphyses  are  very  rare,  only  one  being  constant ;  this  is 
found  in  the  cnemial  crest  of  the  tibia. 

But  the  Parrots  are  not  the  only  high  kinds  of  birds  in  which  the 
dorsal  vertebiw  are  opisthocoelons ;  I  have  within  the  last  two  years 
foand  it  in  that  remarkable  type,  the  Oil  Bird  (Steatomis  ca^-ipensut), 
an  archaic,  frugivoroiis  Qoat-sucker — a  bird  which  has  no  near  allies,  a 
crepuscular  Cave-dweller,  found  only  in  Cnmana  and  a  neighbouring 
island,  and  manifestly  a  waif  from  a  nearly  lost  group. 

On  the  Modification  of  the  Opisthoccelian  Articulation  in  Birds, 

The  cup  and  6a ZZ  in  these  opisthocoelous  dorsals  of  birds  is  very 
different  from  what  is  found  in  th*e  proccelous  vertebrae  of  the 
Ophidia ;  in  them  it  is  fairly  circular  or  hemispherical,  whilst  in 
birds  it  is  generally  scarcely  more  than  three-fifths  of  an  ellipse,  and 
the  upper  margin  is  emarginate,  having  a  concave  outline  answering 
to  the  general  concavity  of  the  floor  of  the  spinal  canal. 

That  which  shows  snch  intense  specialisation  in  the  procoelons 
vertebree  of   the   Serpents  is  the   remarkable   manner  in  which  an 

•  "  Cli»\lenget"  "BLc^otU,  Zoology,  vol.  7,  p.  16. 
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additional  npper  pair  of  confluent  pre-zygapophyses  form  what  Owen 
calls  a  "  zygosphene;"  this  fits  into  a  double  cavity — the  "  zygantrum." 

Now  the  articulation  of  the  opisthocoelous  dorsals  of  the  birds  thus 
mentioned  is  a  complication  of  the  articulation  of  centrum  with 
centrum,  and  not  any  special  modification,  in  their  case,  of  the  neural 
arch  from  which  the  zygapophyses  spring. 

In  Reptiles,  as  far  as  I  can  see,  whether  existing,  or  otherwise,  there 
is  nothing  like  what  I  am  about  to  describe ;  if  any  PalsBontologist 
will  show  me  a  similar  structure  I  shall  be  most  glad  to  know  of  it. 
Such  a  fact  would  tell  us  how  carefully  these  highly  metamorphosed 
types,  the  Birds,  have  kept  along  Reptilian  lines ;  if  not,  if  no  such 
structure  as  this,  any  more  than  the  cylindroidal  articulation,  is  ever 
seen  in  Reptiles,  then  we  have  another  instance  of  the  manner  in 
which  the  Birds  have  proceeded  beyond  the  excellencies  of  their 
progenitoi-s. 

The  greatest  perfection  of  this  complex  opisthocoelian  articulation 
of  the  dorsal  vertebras  is  best  seen  in  some  remarkable  Charadrian 
birds;  three  of  which  are  Neotropical,  whilst  one  is  found  in 
Kerguelen*s  Island  ;  I  refer  to  Chionis,  Attagvt,  and  Thinocorus. 

In  Attagis  gayi,  a  Neotropical  bird  of  the  Plover  family,  stouter 
than  a  Lapwing,  but  about  the  same  size,  a  nearly  extinct  type,  and 
very  archaic,  I  find  the  best  instance  of  this  Ornithic  modification  of 
the  opisthocoelian  articulation  of  the  dorsal  vertebrae.  On  the  hind 
face  of  the  centrum  the  cup  in  its  fresh  state  is  heart-shaped ;  it  is 
half  a  long  ellipse,  with  its  upper  edge  gently  emai'ginate.  There  is  a 
strong  annular  "  meniscus,"  1*5  mm.  deep  below,  and  0*6  mm.  wide  for 
the  rest  of  its  extent.  It  is  a  very  solid  fibro-cartilage,  except  for  a 
small  extent  above,  where  it  is  finished  by  a  ligamentous  part.  When 
this  meniscus,  which  partly  divides  the  joiut  cavity  into  two  spaces, 
is  removed,  the  hollow  cartilaginous  tract  is  seen  to  be  in  three  parts ; 
below,  a  semicircular  hollow,  marked  in  its  middle  by  the  notochordal 
"suspensory  ligament,'*  and  above,  on  each  side,  a  flat  ear-shaped 
additional  facet.  These  two  facets  look  equally  downwards  and  back- 
wards, and  they  lie  obliquely  on  a  similar  pair  of  facets  over  the  ball 
on  the  fore -end  of  the  centrum  of  the  next  vertebra  which  looks  up- 
wards and  forwards.  These  well-fitting  oblique  facets,  fore  and  aft, 
are,  indeed,  additional  zygapophyses,  arising  not  from  the  neural  arch, 
but  from  the  centrum;  and  they  check  the  movement  of  the  cup-and-ball 
joint.  For  a  bird  needs  not  only  a  very  long  and  absolutely  ankylosed 
sacrum,  it  must  also  have  a  very  strong  dorsal  series;  not  unfre- 
quently  all  but  the  last  of  this  series  are  also  ankylosed  together ; 
this  only  takes  place  in  birds  which  have  their  dorsals  cylindroidal. 
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On  the  Presence  ofProcoelous  Vertehrce  in  Birds,  and  of  the  Imperfect 

und  Irregular  Joints  between  the  Centra. 

The  modem  procoelons  Beptilian  form  of  vertebral  articalation  is 
not  altogether  wanting  in  Birds.  The  atlas,  although  devoid*  of  its 
proper  centrum,  forms  a  more  or  less  perfect  joint  of  this  kind  in  all 
birds  ;  it  is  crescentic  in  many  of  the  Precoces,  and  circular  in  most 
of  the  Altrices;  and  in  the  latter  it  is  not  notched  above  for  the 
"  odontoid  or  suspensory  ligament,*'  but  perforated. 

But  in  many  of  theliigher  or  Altricial  birds  the  last  two  movable 
joints  in  the  caudal  series  become  procoslous,  and  also  acqaire  a 
joint-cavity.  The  rest  of  that  series  have  a  sub-concave  joint,  with 
an  intervertebral  fibro-cartilage  filling  in  the  slight  interspace  ;  these 
joints,  however,  retain  the  suspensory  ligament  like  all  the  rest,  and 
towards  the  end  of  this  series  the  centrum  is  perforated  by  this 
remnant  of  the  notochord,  as  in  lower  types. 

The  joint  formed  by  the  hind  part  of  the  atlas  and  fore-part  of 
the  a^is  is  irregular ;  it  cannot  be  classified  with  any  of  the  other 
modes  of  articulation,  but  this  arises  from  the  fact  that  it  is  formed 
between  the  cortical  or  inferior  part  only  of  those  two  vertebras.  The 
two  first  vertebrae  are  greatly  modified  in  all  the  "Araniota,"  an 
anticipation  of  which  is  found  in  the  Urodelous  Amphibia.* 

There  are  two  main  varieties,  in  Carinate  birds,  of  the  articalation  of 
the  atlas  with  the  occipital  condyle,  and  of  the  atlas  with  the  axis. 

These  correspond  on  the  whole  with  the  Natural  Division  of  birds 
into  "Altrices''  and  **  Precoces";  the  Piping  Crow  of  Australia  (Gym- 
norhina  tibicen)  may  be  taken  as  an  example  of  the  first,  and  the 
Australian  Bustard  (Eupodotis  australis)  of  the  second  kind. 

In  Gymnorlilna  the  atlantal  (proccslous)  cup  is  a  perfect  hemi- 
sphere, but  near  its  upper  rim  the  suspensory  ligament  passes  through 
a  small  hole  to  reach  the  basi-occipitaL  This  cup  fils  well  under 
the  hemispherical  occipital  condyle ;  it  is  in  position  intermediate 
between  that  condyle  and  the  true  atlantal  centrum.  The  hind  face 
of  this  imperfect  vertebral  body  is  scooped  so  as  to  form  a  crescentic 
groove,  with  the  concavity  upwards ;  the  convex  fore-end  of  the  axis 
fits  into  this  groove,  and  the  atlas  grows  under  the  joint  as  a  bilobate 
and  carinate  process ;  the  joint  is  a  crescentic  condyle  with  its  con- 
cavity looking  upwards. 

*  In  many  of  these  there  is  an  imperfect  rertebra  between  that  which  is  aiticu- 
lated  with  the  two  occipital  condyles ;  it  is  evidently  an  atlas  with  an  imperfect 
neural  arch,  and  the  median  and  hitcral  elements  of  which  become  fused  to  form  the 
odontoid  process.  The  perfect  vertebra  next  following  is  evidently  the  axt#,  but  has 
the  atlantal  function  of  carrying  the  ekull.  See  Wiedersheim,  *  On  Salamandrina 
perspiciUata*  Genoa,  1875,  Plates  2 — 4,  and  my  papers,  "On  the  Skulls  of  the 
Urodeles,*'  *  Linn.  See.  Trans.,'  Scr.  2,  Zool.,  yol.  2,  Plates  14—21,  and  *  Zool.  Soc. 
Trans./ rol.  9,  Plate  40. 
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In  Eupodoiis  the  proccBloas  facet  of  the  atlas  is  a  crescent  with 
horns  approximatiDg,  and  between  these  the  odontoid  process,  or  true 
atlantal  centrum,  appears ;  it  is  embraced  by  these  '^  horns,'*  and,  as 
in  the  other  type,  is  tied  to  the  basi-occipitaf  by  the  saspensory  liga- 
ment. In  this  bird,  contrary  to  the  rule,  the  atlas  does  not  grow 
under  the  axis,  and  the  joint  between  them  is  almost  procoelous; 
and  in  this  and  still  more  in  some  other  Precoces,  the  occipital  arti- 
culation is  ti*ansversely  enlarged,  t.e.,  shows  signs  of  being  double, 
as  in  Amphibia,  the  notochordal  dimple  answering  to  the  wide  inter- 
space between  the  condyles  in  these  forms. 

I  shall  explain  these  things  more  perfectly  when  I  come  to  the 
**  intercentra." 

The  imperfect  joints  are  those  of  the  sacrum  and  the  coccygeal  bones. 
The  long  general  sacrum  of  a  bird  does  not  correspond  to  the  special 
sacrum  of  a  Reptile  or  a  Mammal,  and  in  the  dorsal  region  of  this 
long  series  the  articalations  are,  at  first,  like  those  of  the  free  dorsals 
in  front  of  them  ;  t.c,  they  are  cylindroidal  or  opisthocoelous,  as  the 
case  may  be.  But  as  we  approach  the  true  sacral  region,  between  the 
acetabula,  the  faces  of  the  centi*a  are  roughly  flat,  and  the  centra 
themselves  are  transverse  subcrescentic  blocks,  with  all  the  inter- 
central  structures  aborted. 

The  same  thing  takes  place  in  the  ploughshare  or  coccygeal  bone, 
which  finishes  the  chain  by  a  series  of  from  four  to  six,  more  and  more 
imperfect,  segments,  from  which,  for  a  time,  in  the  embryo  the  noto- 
chord  projects,  uncovered,  behind. 

There  are  other  ankylosed  parts  of  the  vertebral  chain  besides  the 
sacrum  and  the  coccygeal  bone  ;  in  these  the  parts  are  normal  at  first, 
becoming  afterwards  f ased  together.  It  is  very  common  for  the  last 
cetrical  (whose  free  rib  does  not  unite  by  a  short  piece  with  the 
sternum)  to  be  fused  with  the  dorsals — all  but  the  last,  which  remains 
free,  as  in  Falcons,  Pigeons,  Fowls,  Ac.  The  same  thing  takes  place 
in  many  of  the  Crane  family,  but  generally  with  fewer  bones.  In  the 
Hombills  (Buceridee)  the  atlas  and  axis  become  ankylosed.  In  some 
other  Altrices  we  have  there  foand  that  which  is  normally  the  last  free 
dorsal  fused  with  the  first  of  the  dorso-sacral  series ;  and  in  others 
the  first  dorsal  sacral,  covered  by  the  iliac  bones,  remains  free ;  this 
is,  however,  a  very  irregular  modification,  and  is  sometimes  due  td 
old  age  in  one  case,  and  to  a  somewhat  immature  condition  in  the 
other. 

In  the  present  paper  I  cannot  go  into  details  as  to  the  various  modi- 
fications of  the  neural  arches,  with  their  zygapophyses  and  spines,  nor 
describe  the  various  outgrowths  below  that  arise  from  the  centra. 
But  there  are  distinct  parts  of  the  vertebra  that  must  be  mentioned  ; 
these  are  the  ^*  intercentra  "  and  ribs. 
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On  the  Intercentra  of  Birds. 

I  have  not  spoken  of  the  neural  arches  as  actually  distinct  from  the 
ceuti*a ;  thej  are,  as  bony  tracts,  for  a  time,  but  the  s^reat  heat  and 
hnste  of  the  development  of  an  embryo  bird  eanses  many  eaaeniially 
distinct  parts  to  be  converted  into  hyaline  cartilage  coutinooiuly ; 
sach  distinct  morphological  regions,  however,  are  very  apt  to  aasert 
their  independence  for  a  few  weeks  daring  the  growth  of  the  young 
bird,  and  although  separate  osseous  centres  in  a  continuous  tract  of 
hyaline  cartilage  are  apt  to  be  very  inconstant  as  to  the  share  they 
take  in  the  work,  yet,  on  the  whole,  in  default  of  the  primary  aeg- 
nientation  of  the  cartilage,  they  are  very  valuable  landmarks. 

In  a  survey  of  this  subject  from  below  upwards,  it  is  well  known 
that  the  neural  arches  come  before  the  centra ;  that  establishes  their 
independence  and  importance. 

It  is  very  difficult  to  put  this  matter  into  a  small  compass,  and  to 
show  throughout  the  whole  of  the  Yertebrata  what  parts  of  a  ver- 
tebra are  important  autogenous  *'  elements "  and  what  are  mere 
apophyses  or  outgrowths.  The  old  pre'embryological  nomenclature  &ils 
US  here,  entirely. 

Nothing  newer  and  nothing  better  has  been  said  upon  this  subject 
than  by  Baur,  whose  wide  acquaintance  with  the  extinct  forms  that 
lie  between  Bii^ds  above,  and  Fishes  below,  makes  him,  on  the  whole,  an 
excellent  guide. 

In  some  "  General  Notes  "  [extracted  from  the  *  American  Natu- 
ralist,* October,  1887,  pp.  942—945]  Dr.  Baur  (p.  9'Jri>)  gives  his 
*•  results  "  as  follows : — 

"I.  That  the  ribs  are  irUervertehraX. 

'^  2.  The  ribs  are  originally  one-headed  and  connected  with  well- 
developed  intercentra. 

'^8.  All  forms  and  connexions  of  the  other  ribs  can  be  derived 
from  that  condition. 

"  4.  The  lower  arches  of  the  caudal  vertebiw  are  either  formed  by 
true  ribs,  the  oldest  fishes  (Ganoidei,  Dipnoi),  or  by  processes  of  the 
intercentra  (Teleostei,  Stapedifera). 

*'  5.  The  connexion  between  the  Dipnoi  and  the  Stapedifera  is 
still  missing. 

'^G.  Some  remarks  on  the  nomenclature  of  the  elements  of  the 
vertebral  column : — 

''Owen's  names,  *  neurapophysis '  and  ' pleurapophysis,'  are  not 
correct ;  the  neural  and  pleural  arches  are  no  processes  of  the  ver- 
tebra), but  are  distinct  parts. 

''  The  two  elements  composing  the  neural  arch  ought  to  be  called 
the  *  neuroidsy^    the  two   elements  composing   the  pleural  arch   the 
*j^itiuroids,* 
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*'  The  spines  connected  with  the  neuroids  onght  to  be  called,  as 
before,  neural  spines;  those  connected  with  the  pleoroids,  pleural 
spines, 

^'The  real  centrum  of  the  vertebra  onght  to  be  called  centrum; 
the  lateral  elements  composing  it  hemicentra  (Albreoht),  not  pleuro- 
oeatra. 

"  The  name  intercentrnm  ought  to  be  preserved. 

"  The  part  of  the  intercentrnm,  centrum,  or  neuroid  to  which  the 
capitulum  is  articulated,  may  retain  the  name  pa/rapophysis ;  the  part 
of  the  centrum  or  neuroid  to  which  the  tuberculum  is  articulated  may 
retain  the  name  diapophysis,^* 

If  we  consider  the  structure  of  a  bird  as  compared  with  a  Reptile 
or  a  long-tailed  Mammal,  it  would  seem  to  have  no  necessity  for  the 
development  of  ^^  chevron-bones  **  or  intercetUra ;  yet  these  elements 
are  constantly  present  at  the  two  extremities  of  the  vertebral  chain, 
although  in  the  hind-part  they  are  often  not  more  developed  than 
those  seen  in  the  lumbar  region  of  the  Mole  (Talpa  europcua). 

It  all  birds  have  come  up  to  us  through  forms  similar  to  the 
Archceopteryx,  then  there  must  have  been  a  slow,  secular  degradation 
of  these  inferior  arches:  that  view,  however,  places  the  Toothed 
Birds  of  the  Cretaceous  Period  as  far  from  those  Saururous  types  as 
the  Birds  of  the  present  time. 

That  the  aquatic,  gill-bearing  forms  from  which,  originally,  the 
Beptile  and  the  Bird  both  arose  were  long-tailed,  I  have  not  the  least 
doubt.  One  thing,  however,  I  never  can  see,  and  that  is  that  there 
was  any  absolute  necessity  that  there  should  be  just  one  pair  of  those 
old  quasi-larval  Dipnoans  (or  Amphibians)  that  had,  at  that  im- 
measurably remote  epoch,  **  the  promise  and  potency  '*  of  all  those 
Beptiles  and  Birds  that  we  know  have  arisen,  and  of  all  those  myriads 
of  others  of  which  we  know  nothing. 

As  the  times  became  ripe  for  the  harvest  of  scaly  and  feathered 
Jorms,  they  did  appear,  but  had  they  all  one  father  and  one 
mother  h 

Another  question  to  be  asked  is,  Were  there  ever  any  per  salttmi 
rises  in  the  scale;  did  all  those  nobler  and  still  nobler  forms  acquire 
their  varying  degrees  of  excellency,  from  a  low  Reptile  to  a  high 
Singing- bird,  by  the  slow  accretion  of  growth,  and  almost  imperceptible 
obange  of  structure,  and  increase  of  faculty  P 

It  would  greatly  relieve  my  mind  if  it  could  be  shown  that  the 
most  probable  hypothesis  is  that  the  swarm  of  old  Perennibranchiates 
in  a  thousand  places,  and  at  varying  times,  changed  for  the  better ; 
became  sometimes  rapidly,  at  other  times  more  slowly,  transformed 
as  the  occasions  arose;  when  the  dilemma  was  transform  or  die. 
That  is  the  dilemma,  now,  to  all  our  native  Amphibia  year  by 
year,  and  that  which  takes  place  now  in  forms  that  rapidly  rise  tp 
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a  great  height  above  their  former  selves,  may  have  taken  place  in  the 
past  on  a  grander  scale,  and  with  centuries  for  days. 

However  it  came  about,  the  Saurarous  {long-taxied)  forms  have 
become  Nothurous,  have  a  mere  bastard  tail  or  stump.  Yet  this  mor- 
phological feat  is  performed  in  the  transformation  of  any  Tadpole 
in  '^  a  month  of  days,"  hence  the  real  difficulty  does  not  lie  with 
Nature,  but  with  us. 

Bat  in  stadying  the  abortive  chevron-bones  of  birds  we  shall  find 
that  these  high  and  marvellously  transformed  types  are  not  short- 
tailed,  if  we  consider  number  merely ;  it  is  the  peculiar  contraction 
and  j^acking — consolidation — these  segments  have  undergone  that 
make  them  to  differ  so  greatly  from  Beptiles  and  Saururons  birds.* 

In  the  Common  Swan  {Gygnus  olor)^  behind  the  four  true  aacrals 
there  are  ten  '*  urosacrals  "  fased  with  the  long  poa^-t'Zta  ;  then  come 
seven  simple,  and  one  compound,  bone,  composed  in  the  cygnet  of  fife 
bony  segments  and  an  unossified  rudiment  behind,  six  altogether. 
We  thus  get,  even  allowing  for  four  sacrals,  twenty-three  vertebrw, 
more  or  less  developed  behind  the  outgoing  sacral  nerves,  whilst  the 
Archceopteryx  appears  to  have  had  only  twenty*one  caudal  yertebr» 
(See  *  Zool.  Soc.  Proc.,'  1863,  p.  617). 

Now  of  these  post-sacral  vertebraa  of  the  Swan  nearly  the  hinder 
half  have  rudimentary  intercentra.  These  are  very  small,  those  in 
the  middle  of  the  series  being  the  largest.  In  the  cygnet  about  a 
month  after  hatching,  the  first  is  beneath  the  third  movable 
joint,  and  the  last  under  the  last  cartilaginous  interspace  but  one,  in 
the  series  of  imperfect  segments  that  form  the  **  ploughshare  bone;** 
thus  there  are  eight  in  all. 

But  there  are  intercentra  at  the  other  end  of  the  chain;  these 
I  have  studied  in  the  Cygnet,  in  the  ripe  embryo  of  the  Mooruk 
(Castuirius  hennettii)  and  in  various  other  birds,  especially  Carinatie; 
whilst  my  son  (T.  J.  Parker)  has  worked  them  out  in  the  embryo  of 
Apteryx.  In  these  embyo,  and  young  birds,  there  are  always  found 
the  following  osseous  centres  in  the  atlas  and  axis,  namely,  a  paii*  for 
the  neural  arch  of  each  vertebra,  and  one  for  the  so-called  '"  body  "  of 
the  atlas,  one  for  the  odontoid  process  of  the  axis,  and  two  for  the 
body  of  the  axis,  not  right  and  left,  but  one  before  the  other. 

The  osseous  centre  in  the  cartilaginous  odontoid  process  is  strung 
upon  the  notochord,  like  the  rest  of  the  centra ;    it  is  the  specialised 

*  This  subject  has  long  been  on  my  mind ;  lately  Dr.  Baur  unearthed  an  almoit 
forgotten  paper  of  mine  on  the  tail  of  modem  birds.  See  his  **  W.  K.  Parker^f 
Bomerkungeii  iiber  ArchsDopteryx,  1864yUnd  seine  Zusammeniitellung  der  bauptsich- 
liehsten  Litteratur  iiber  dieson  Vogel,"  '  Zool.  Anzeiger,'  No.  216,  1886.  My 
earliest  paper  on  tliis  special  point  was  read  at  tlie  Zoological  Society  on  December  8, 
1863.  See  *  Zool.  Soc.  Proc.,'  1863,  pp.  511—518.  It  was  "  On  the  Position  of  the 
Created  Screamer  {FtUamedea  \^C^ui»a^  cKavarva^,*' 
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and  segmented  oentmm  of  the  atlas,  whilst  the  much  larger  bony 
oentre  to  which  it  is  attached,  and  which  also  is  stmng  upon  the 
notochord,  is  the  centram  of  the  axis ;  they  coalesce  together,  accord* 
ing  to  the  rule,  a  new  rale  and  part  of  the  general  transformation  of 
an  Amniotic  type.  Bnt  the  so-called  body  of  the  atlas  is  in  position 
between  as  well  as  below  the  occipital  articulation,  and  is  eorticaL 
The  lesser  and  foremost  bono  in  the  axis  is  also  intermediate  between 
as  well  as  below  the  true  centrum  of  the  atlas  and  of  the  axis.  I 
quite  agree  with  Baur  that  these  two  bones  are  interceutra,  although 
I  am  not  ready  with  the  "  strong  reasons  '*  he  can  bring  from  every 
comer  of  Paleeontology. 

In  considering  both  interoentra  and  rihs,  there  are  two  birds  that 
have  helped  me  most ;  these  are  the  Swan  and  the  Cormorant  (Phala- 
eroeoraz  ccurbo). 

Whether  &ster  or  more  slowly,  the  transformation  of  these  two 
types  from  a  Reptilian  into  an  Avian  form  is  certainly  well  worthy 
of  our  closest  attention.  The  Ostrich  tribe,  a  sort  of  half-way 
creatures,  only  help  a  little  in  this  research ;  yet  in  tracing  the  stages 
of  a  Swan  or  of  any  other  of  the  Anatidss,  there  would  appear 
to  be  nothing  strange  in  the  sudden  arrest  of  one  at  the  Struthious 
stage ;  we  seem  for  a  time  to  have  before  us  a  new  kind  of  short- 
legged  and  web-footed  bird  of  the  Ostrich  kind;  it  does  mote, 
however,  it  develops  into  a  Carinate  bird  with  a  Desmognathous 
palate.  I  lay  stress  upon  thii«,  because,  as  I  shall  soon  show,  the 
Anatid«9  hold  with  the  Rati  tee  in  the  matter  of  a  perfect  series  of 
cervical  ribs,  as  in  the  Crocodile,  but  more  aborted,  and  soon  fused 
with  the  vertebne.  Birds  are  very  uniform,  in  all  essentials,  in  their 
atlas  and  axis ;  but  their  caudal  vertebres  differ  just  as  much  as  the 
structures  they  snpport  differ,  e.g.,  the  "  Rectrices,**  or  tail  quills, 
that  form  their  double,  fan-shaped,  third  tiring. 

The  Cormorant  pats  its  tail  to  a  much  greater  variety  of  uses  than 
the  Swan ;  the  component  vertebras  of  the  former  are  stronger  and 
have  much  larger  intercentra  to  serve  as  levers  to  the  dqjressors  of 
the  tail. 

There  are  two  movable  caudals  between  the  post- ilia  in  the  Cormo* 
rant,  and  the  second  of  these  has  a  seed-like  intercentrum  that  lies 
below  and  between  the  second  caudal  articulation.  The  next  is  much 
larger,  and  the  rest  are  as  long  and  twice  as  broad  as  tbe  neural  spines 
of  the  same  vertebrae,  aind  are  ankylosed  to  the  hinder  bone ;  they 
lie  well  imder  the  one  in  front,  and  form  the  lower  third  of  the  pro- 
coelous  joint.  The  last  or  compound  bone  has  four  of  these  intercentra 
f Qsed  together  and  to  the  imperfect  vertebrsa  to  which  they  belong ; 
thus  this  bone  has  a  dilated  and  dentate  base,  the  fore-part  of  which 
passes  under  three-foarths  of  the  last  simple  vertebra,  and  is  bilobate, 
whilst  those  in  front  are  clftyate.    In  some  birds  these  intercentra  hav^ 
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two  crura,  and  these  maj  meet  below  and  form  a  hmmal  carnal ;  in  the 
Cormorant  they  are  solid,  and  are  manifeetlj  developed  for  stmring 
purposes — as  in  the  Kestrel  or  Windhover  (Faioo  Unnuncuhu).  The 
habits  of  that  yoracioiis,  rapid,  and  powerful  bird  (the  Carmoi»nt) 
explain  the  teleology  of  these  strong  and  solid  intercentra  of  the  tail 

Coming  now  to  the  ribt,  my  two  chosen  <ypes,  the  Swan  and  the 
Cormorant,  will  be  the  best  instances  to  show  how  thin  the  partilion 
is  between  a  hot-blooded  bird,  and  a  cold-blooded  generaUted  Beptila, 
like  the  Crooodile.  In  my  earlier  papers  on  the  Osteology  of  Birds,  I 
wrote  in  a  general  and  somewhat  confnsed  manner  abont  reptUiam 
characters  in  Birds  ;  but  Professor  Huxley's  inestimable  paper  ^  On 
the  Claasifioation  of  Birds "  ('  Zool.  Soo.  Proc.,'  1867,  pp.  415-- 
472),  so  thoroughly  ventilated  the  relations  of  the  two  g^reat  classes, 
Beptiles  and  Birds,  showing  indeed  that  in  a  very  true  sense  the  two 
were  one,  a  huge  double  class — base  below  and  noble  above*— that  if 
I  am  confused  now,  it  is  not  the  i^ult  of  my  ^*  guide." 

It  is  perfectly  true  that  the  Batitn,  on  the  whole,  are  the  lowetti 
most  generalised,  and  most  reptilian  of  birds ;  but  they  have  a  high 
degree  of  ornithic  specialisation  in  some  parts,  much  beyond  what  is 
seen  in  some  other  birds  that,  on  the  whole,  belong  to  a  much  higher 
level. 

Now  the  Batit89  are  related  to  a  large  number  of  familiea  of  birds, 
that  like  themselves  have  oylindroidal  vertebre  up  to  the  sacrum ;  and 
there  is  an  almost  natural  and  complete  series  of  these  forms,  Tinamons, 
Hemipods,  Fowls,  &c.,  &c.  But  as  I  showed  many  years  ago,  the 
Duck -tribe  and  the  Fowl-tribe  have  a  skull  which  is  fundamentally 
alike  in  both  groups,  and  is  unlike  that  of  any  other  kind  of  bird's 
skull,  aud  yet  is  easily  derivable  from  the  Struthious  type,  by  this 
and  that  gentle  metamorphic  alteration. 

But  if  the  Cormorant  and  his  relatives  were  each  derived  from 
Hatitas,  they  must  have  been  quite  unlike  those  now  existing ;  a  Swan, 
strange  as  the  assertion  may  sound,  is  modified  from  an  essentially 
Struthious  embryo.     I  have  tiaced  it  step  by  step. 

But  the  Cormorant,  and  the  Darter  (Flotua),  its  nearest  relative, 
seem  more  like  a  survival  of  ti*ansformed  Plesiosaurs,  and  their  Yerte- 
bi*al  Chain  is  so  intensely  Reptilian  that,  amoog  living  forms,  the 
Crooodile  is  the  best  guide  to  the  morphologiat  in  its  interpretation. 

On  the  Bibs  of  Birds, 

I  will  first  describe  the  ribs  of  the  Swan,  and  then  those  of  the 
Cormomnt. 

In  Gygniis  olor,  as  in  all  the  normal  **  Chenomorph®,'*  the  vertebral 
"artery,  right  and  left,  runs  inside  a  series  of  bridges,  which,  eked  out 
by  strong  membrane,  form  a  canal  all  along  the  neck.  The  piers  of 
th&8o  small  bridges  avo  formed  by  the  upper  and  lower  tramverse 
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proceBses  (diapophyeee  and  parapophyaes) ;  the  arclies  by  arrested  ribs— * 
^*  pleoroids."  As  a  rale,  in  the  Carinatsd,  these,  are  not  developed  on 
the  axis  and  atlas;  bat  in  the  Anatidce,  as  in  the  Batitn,  generally, 
ihej  are  foond  in  them  also.  The  aroh  on  the  atlas /is  a  strong  bat 
narrow  bar ;  in  the  Cygnet  of  a  montJi  old  there  is  in  it  a  styloid 
bony  rib,  placed  subvertically.  The  rest  are  larger,  are  horizontally 
placed,  and  have  a  free  styloid  end,  which  in  many  oases  almost 
reaches  to  the  end  of  the  centrum  of  the  next  vertebra.  These 
riblets  have  bat  little  primary  independence  as  cartilages ;  bnt  thej 
ossify  separately;  they  are  clavate,  and  this  clubbed  fore-end  has 
thas  no  distinction  of  ^^  capitnlnm  *'  and  "  taberoalam,''  although 
the  lower  edge  answers  to  the  one,  and  the  upper  to  the  other. 

In  the  twenty-second  vertebi*a  the  styloid  part  is  lost,  and  only  a 
broad  vertical  bridge  is  developed  by  the  "  pleuroid ;"  in  the  twenty- 
third  only  a  narrow  bridge,  like  that  on  the  atlas,  bnt  stouter.  On  the 
twenty-fourth  and  twenty-fifth  the  ribs  are  segmented  off,  have  double 
heads,  and  remain  free,  although  they  do  not  form  a  perfect  arch  by 
reaching  the  sternum ;  indeed  the  last  but  one  is  very  short.  In  these 
two  vertebras  the  facet  for  the  capitulum  is  on  the  centrum,  opposite 
the  lower  part  of  the  facet  of  the  centrum ;  that  for  the  tuberonlum 
is  on  the  diapophysis.  Thence  along  the  five  free  dorsals  and  the 
two  first  dorso-sacrals,  the  joint  for  the  tnberculum  (the  parapophysis) 
gets  gradually  higher,  so  that  in  the  two  last  it  lies  over  where  £he 
suture  was  between  the  centrum  and  neurapophysis.  The  developed 
ribs  of  the  third  and  fourth  sacral  (doiso-bacral),  have  lost  their 
capitnlum,  and  articulate  only  by  their  tuberculum  on  the  diapo- 
physis. 

The  last  three  vertebres  of  the  seven  that  buttress  the  pre-ilia,  have 
only  a  generalised  mass,  right  and  left ;  and  on  the  next  four,  the 
true  saerals,  these  are  either  gone,  or  reduced  to  mere  prickles.  The 
twelfth  and  thirteenth  have  strong  pleural  bars,  not  segmented  off  in 
the  cartilaginous  condition,  but  they  are  ossified  as  distinct  bars; 
these  coalesce  with  the  centrum  and  diapophysis.  Behind  these,  in  the 
Gygnet,  there  are  no  "  pleuroids,''  but  in  a  recently  hatched  Duckling 
{Anas  boschaSy  domesticus),  I  ^nd  Jive  pairs  of  Ihese  little  rib-ho/rs  to 
the  fore-half  of  the  Urosacral  series. 

Thus  there  are  thirty-four  pairs  of  ribs,  rudimentary  or  developed, 
without  a  break,  in  the  Common  Swan,  and  then  an  attempt  at 
forming  a  new  series  behind  the  sacral  nerves.  Also,  let  it  be  noticed, 
that  the  first  two  pairs  of  pleuroids,  or  rib- rudiments,  arise  from  inter- 
centra,  whilst  the  last  two  of  the  twenty- nine  have  lost  their  capitn- 
lum, or  primary  head,  and  are  ai'ticulated  by  their  tuberculum  or 
secondary  head  to  the  diapophysis,  an  outgrowth  of  the  neural  arch 
(neuroid). 

Thus  we  have  in  a  single  vertebral  chain  an  epitome  of  the  history 
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of  the  evolution  of  ribs.  Towards  the  end  of  that  chain,  the  vertebne 
and  ribs  form  the  upper  part  of  the  most  highly  specialised  thoiacie 
cage  in  existence,  it  is  the  last  consummation  of  the  whole  eYolutional 
series,  the  f urthiest  from  the  beginning  made  by  the  AmmoecBte,  whea 
it  has  just  been  metamorphosed  into  a  Lamprey* 

In  the  Cormorant,  one  of  the  lower  forms  of  the  Pelecanine 
Family  (*'  Steganopods,*'  *'  Dysporomorphs  "),  the  vertebral  chain  is 
much  more  archaic  than  in  either  the  Swan,  or  even  the  Ostrich  and 
its  kindred. 

Here,  indeed,  we  miss  the  atlantal  rib,  but  rudiments  are  present 
on  the  cucts,  and  these  are  attached  to  an  ankylosed  intercentmm. 

On  the  whole,  the  greater  number  of  the  styloid  cervical  ribs  are 
like  those  of  the  Swan,  except  that  the  upper  edge  of  the  free  style  is 
not  connected  with  the  neural  arch  by  an  ossified  aponeurosis.  There 
are  only  three  presacral  vertebrao  that  have  developed  ribs 
attached  to  sternal  pieces,  and  thus  forming  perfect  cinctures,  finished 
below  by  the  common  inverted  keystone  or  sternum.  The  ribs  on  the 
last  two  cervicals,  the  nineteenth  and  twentieth,  have  perfect  heads, 
and  have  uncinate  pieces  attached  and  ankylosed  to  them,  but  their 
fitemals  are  suppressed.  In  front  of  them  there  are  three  vertebns, 
with  non-segmented  riblets,  that  have  no  retral  style ;  these  are  mere 
necks  of  a  developed  rib,  and  run  almost  horizontally  from  the  centrum 
to  the  large  diapophysis ;  they  are,  in  fact,  similar  to,  but  much 
stronger  than,  the  atlantal  rib  of  the  Swan.  The  parapophysis  in  these 
three  vertebrad  stretches  straight  out  from  the  centrum,  which  is  also 
alate  behind  it,  and  these  bars  enclose  a  large  foramen,  8  mm.  wide  and 
4  mm.  high.  The  nineteenth  cervical,  with  its  developed  vertebral 
rib,  forms  for  the  capitulum  of  that  rib  a  deep  cup  with  two 
distinct  facets,  so  that  the  head  of  the  rib  articalates  in  a  manner 
similar  to  what  is  seen  in  Mammals.  In  them,  however,  the  two  &cets 
are  one  in  front  of  the  other,  and  on  distinct  vertebrae  ;  here  they  are 
one  above  the  other,  and  near  the  fore-end  of  the  same  vertebra,  one 
is  on  the  centrum,  and  the  other  is  on  the  neural  arch.  The  facet  on  the 
centrum  is  higher  than  the  junction  of  capitulum  and  centrum,  in  the 
non-segmented  rib  next  in  front.  In  the  last  cervical,  the  lower  facet 
is  still  higher,  but  is  on  the  centrum  ;  both  these  pairs  of  ribs  have  a 
long  neck  and  the  normal  articulation  of  the  tuberculum  with  the 
under  face  of  the  end  of  the  large  diapophysis,  an  outgrowth  of  the 
nearal  arch. 

In  the  three  dorsals  the  parapophysial  cup  for  the  capitulum  is 
entirely  on  the  neural  arch,  and,  from  before,  backwards,  it  keeps  rising 
to  a  higher  point  in  that  arch.  Thus  in  a  few  vertebrae  we  have  the 
capitulum  rising  from  a  point  where  the  intercetUrum  would  be  if  it 
were  developed,  to  a  point  quite  clear  of,  and  some  height  above,  the 
ceatmm  itself.   The  ^r&t  general  eacral  vertebra  is  similar  to  the  last 
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free  dorsal;  its  yertebral  rib  has  a  pei'fect  sternal  pieoe,  and  thus 
there  are  f  oar  complete  cinctures  to  the  thorax.  The  last  developed  rib 
is  feebler,  and  its  sternal  piece  does  not  quite  reach  the  sternum. 
There  is  a  dia-parapophjsial  facet  for  its  feeble  upper  part ;  it  is  a 
cup  nearly  as  ■  large  as  the  diapophysial  facet  in  front  of  it,  and  the 
cartilage  lining  the  cup  is  extended  downwards  on  a  narrow  convexity 
of  the  transversely  carinate  outgrowth,  and  thus  this  rib,  with  a  small 
head,  and  a  neck  less  than  half  the  normal  size,  ai'ticulatee  by  one 
continuous  facet  belonging  to  both  tuberculum  and  capitulum,  and 
entirely  on  the  neural  arch. 

The  third  vertebra  in  the  general  sacral  series  has  a  pair  of  ribs  ; 
these  have  lost  their  capitnlum  entirely  ;  they  are  mere  rods,  6  mm. 
long  and  0*75  mm.  thick,  and  are  ankylosed  by  their  inner  twisted 
end  to  the  diapophyses. 

After  these  come  three  pairs  of  strong  pre-iliac  huttre98e» — gener- 
alised masses,  from  which  all  trace  of  rudimentary  ribs  has  gone — in 
the  old  bird.  Then  come  two  vertebreB  with  the  bodies  nearly  devoid 
of  lower  outgrowths ;  these  are  the  true  sacrals.  These  are  followed 
by  the  urosaorals,  the  first  of  which  has  strong  rib- bars  that  buttress 
the  post'Uia,  and  that  are  ossified  as  distinct  riblets,  but  are  not  seg- 
piented  oft  as  distinct  tracts  of  cartilage  in  the  embryo.  Bat  in  old 
birds  the  buttresses  of  the  second  true  sacral  are  not  quite  absorbed, 
but  remain  as  prickles,  for  the  clearing  away  of  unnecessary  parts 
goes  on  even  after  the  bird  is  adult.  This  is  only  one  among  many 
instances  that  could  be  adduced  in  which  the  transformation  of  the 
skeleton  is  seen  to  be  continued  throughout  life.  In  that  transforma- 
tion, from  beginning  to  end,  each  individual  bird  repeats  the  story  of 
its  birth  in  the  past  a^es,  and  each  individual  bird  seems  to  be  striving 
towards  some  goal,  albeit  in  its  present  state,  when  adult,  its  ntruc- 
ture  is  to  the  morphologist  an  absolutely  perfect  thing. 

In  birds,  as  a  rule,  the  true  sacrals  abort,  or  even  suppress,  the 
pleuroid  rudiments  in  the  true  sacrals ;  four  of  these '  block-like 
verfebrsB  form  the  sacrum  proper  of  the  Swan ;  two  only  in  the 
Cormorant.* 

*  Professor  Huxley  (op,  eii.,  p.  416),  in  thiB  third  character  of  Birds  as  dietin- 
guished  from  Beptiles,  sajs  that,  **  Although  all  birds  possess  a  remarkably  large 
sacrum,  the  vertebne,  through  the  intervertebral  foramina  of  which  the  roots  of  the 
sacral  plexus  (and,  consequently,  of  the  great  sciatic  nerre)  pass,  are  not  provided 
with  expanded  ribs  abutting  against  the  ilium  externally,  and  against  the  bodies  of 
these  vertebra  by  their  inner  ends.*'  Those  true  sacrals  are  called  *  lumbo-sacral '  by 
Professor  Mivart  ('Zool.  Soc.  Trans.,'  vol.  10,  p.  345,  Plate  61,  fig.  1),  whilst  the 
first  two  *'  uro-sacrals  "  are  called  *'  sacral."  This  is  certainly  an  erroneous  nomen* 
clature. 

Professor  Mivart  speaks  of  his  examination  of  the  skeleton  of  P.  hicrUtaiuM  and 
P.  bram'liennt,  as  well  as  of  P.  carho.  His  figure  of  the  pelvis  is  probably  one 
of  tbete,  and  not  of  P  carbo ;  it  diflVra  from  the  two  old  specimens  of  the  common 
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I  filiall  finish  this  paper  with  one  more  instance.  In  most  birds  the 
ime  sacrals  have  onlj  the  npper  transvei'se  processeB,  or  diapo- 
phjses ;  the  lower  bars,  or  arrested  **  plenroids/'  are  entirely  gone 
in  the  adnlt,  but  small  prickles  remain,  often  more  on  one  side  than 
on  the  other.  Thns  the  spaces  for  the  large  sacral  neryes  and  their 
ganglia,  and  for  the  lobes  of  the  kidneys,  are  not  qnite  cleared.  In 
the  Tiger-Bittern  {Ttgriaorrui  leucolophum),  a  Neotropical  member  of 
the  *'  Ardeidee,"  there  is  no  vertebra  in  the  sacram,  nntil  we  come  to 
the  last  three  nro-sacrals,  that  has  not  its  inferior  or  "  plenroid  *'  bars. 

The  sacram  of  this  bird  is  composed  of  fifteen  v^rtebrsB,  the  firtt 
has  developed  ribs,  with  imperfect  sternal  pieces,  the  next  two  have 
small  ankjlosed  ribs,  separated  for  some  distance  from  the  diapophjses. 
Then  come  three  with  stont  generalised  pre«iliac  buttresses.  The 
next  six  have  inferior  rib- bars,  those  of  the  last  fonr  are  strong, 
those  of  the  first  two  weak.  On  the  left  side  the  second  of  these 
rods  is  membranous  for  a  short  extent ;  on  the  right  side  it  is  im- 
perfect in  its  outer  part,  it  is  a  mere  prickle  growing  from  the 
centrum.  Except  on  the  atlas  this  bird  has  ribs  or  rudiments  of  ribs 
np  to  the  twelfth  sacral.  I  suspect  that  if  the  ancestral  form  from 
which  the  Tiger-bittern  arose  could  be  put  face  to  face  with  its  stilted 
descendant,  the  two  would  differ  as  much  as  the  vermiform  larva 
of  Tipula  oleracea  differs  from  its  winged  and  stilted  imago. 


V.  "  Second  Preliminary  Note  on  the  Development  of  ApUryx.** 
By  T.  Jeffery  Parker,  B.Sc,  C.M.Z.S.,  Professor  of 
Biology  in  the  University  of  Otago.  Communicated  by 
W.  K.  Parker,  F.R.S.     Received  March  8,  1888. 

The  materials  for  the  present  investigation  consist  of  embryos  of 
the  three  common  species  of  ApteryXj  viz.,  A.  australis,  A,  oweniy  and 
A,  mattteW,  Most  of  them,  including  all  the  earlier  stages,  were 
collected  for  me  by  Mr.  R.  Henry,  of  Lake  Te  Anau ;  a  nearly  ripe 
embryo  of  A.  mantelli  was  obtained  from  Mr.  A.  Rcischek  :  and  I  am 
indebted  to  Mme.  Miiller  for  a  half-ripe  specimen  of  A.  oweniy  and  to 
Sir  Walter  Bailer  for  two,  somewhat  older,  of  A,  mantelli. 

I  desire  to  record  my  sincere  thanks  to  the  Council  of  the  Royal 
Society  for  the  grant  which  has  enabled  me  to  defray  the  expenses  of 
the  investigation. 

My  observations  are  far  from  complete,  and  deal  only  with  com- 
paratively late  stages.  The  eggs  of  Apteryx  are  at  all  times  difficult 
to  obtain,  as  evidenced  by  their  high  market  value,  and  Mr,  Henry  is 

bird  dissected  by  me  in  having  the  pre-ili%  buttressed  by  seven  pairs  of  maidve 
processes  instead  of  m'jt,  by  having  only  one  true  sacral,  and  by  showing  strong  ooetal 
b&n  on  both  the  first  and  second  "  uro-sacral." 
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the  bnly  (x>lleot6r  I  have  yet  met  with  who  was  willing  to  give  his 
time  not  only  to  coUeciiiig  the  eggs,  but  to  removing  and  preserving 
the  embryos.  I  have,  unfortunately,  never  been  able  to  leave  Danedin 
daring  the  breeding  season  so  as  to  try  and  procure  the  earlier  stages, 
the  removal  and  preservation  of  which  could  not  be  entrusted  to  a 
collector. 

My  first  Stage  (A)  corresponds  roughly  with  a  chick  embryo  of 
the  fourth  day  of  incubation :  the  full  number  of  mesoblastio  somites 
— about  44 — has  already  appeared.  Stage  B  is  apparently  only  a  few 
hoars  older  :  Stage  C  corresponds  very  nearly  with  a  fifth  day  chick, 
except  that  the  limbs  are  in  a  less  advanced  condition. 

Stage  D  is  in  about  the  same  state  of  development  as  a  chick  of 
the  7th  day ;  it  was  unfortanately  damaged  by  the  collector  during 
removal  from  the  egg,  both  fore-limbs  being  destroyed.  Avian 
characters  are  now  definitely  assumed,  the  head  being  produced  into 
a  short  beak  very  like  that  of  a  chick  at  the  corresponding  period. 
The  hind-limbs  are  still  in  the  primitive  position,  t.e.,  stretched  out 
at  right  angles  to  the  long  axis  of  the  body,  bat  their  extremities  are 
dilated  into  flattened  paw-lijce  feet  which  distinctly  show  the  three 
principal  digits  and  a  small  knob-like  hallux. 

Stage  E  is  a  little  later  than  D,  and  is  chiefly  interesting  for  the 
condition  of  the  fore-limb,  which  is  terminated  by  a  tridactyle  paw  with 
sab-eqnal  digits.  In  the  hind- limb  the  cnemial  flexnre  has  appeared, 
bat  not  the  mesotarsal  flexure,  so  that  the  combined  eras  and  pes  are 
directed  backwards. 

In  Stage  F  the  characteristic  features  of  the  genus  Apfertjx  are 
assumed,  the  beak  having  undergone  a  great  increase  in  length  and 
bearing  the  nostrils  at  the  tip.  The  fore-limb  is  now  a  true  wing, 
the  manus  being  supported  mainly  by  the  second  digit,  but  presenting 
blunt  projections  on  the  pre-  and  post-axial  borders  of  the  wrist 
which  indicate  respectively  the  positions  of  the  reduced  first  and 
third  digits.  In  the  hind-limb  the  mcsotarsal  flexure  has  appeared, 
and  the  pes  has  nearly  assumed  its  adult  characters.  The  feather- 
papillflB  appear  first  in  this  stage. 

In  Stage  G  the  feather-papillee  have  become  larger  and  more  widely 
distributed ;  the  beak  and  the  hind-limbs  have  farther  increased  in 
length,  and  the  wing  shows  no  trace  externally  of  either  the  first  or 
the  third  digit.  In  all  the  remaining  stages  the  adult  form  is  assumed 
and  the  body  covered  with  feathers. 

Contrary  to  the  usual  statements  as  to  the  pterylosis  of  the  Batitee, 
Apteryx  has  distinct  apteria,  which  are  especially  noticeable  in  the 
earlier  stages.*  In  Stage  F,  in  which  the  feather-papilla©  first  appear, 
they  are  arranged  in  fairly  distinct  dorsal,  humeral,  and   femoral 

*  Pteryle  and  apteria  are  figured  in  tlie  embrjo  ostrich  and  referred  to  in  the 
detcription  of  the  figures  by  Miss  B.  Lindsay,  '  Zool.  Soc.  Proc.,'  1885,  PI.  XLIII. 
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tracts ;  the  ventral  tract  appears  in  Stage  G.  In  the  ripe  embryo 
and  even  in  the  adnlt,  besides  the  narrow  ventral  space  reoogniaed  by 
Nitzsch,  there  are  well-marked  lateral  spaces  separating  the  dorsal  and 
yentral,  and  the  dorsal  and  femoro-crural  tracts  froni  one  another. 

In  the  fnll  paper  a  table  and  diagrams  will  be  g^ven  showing  the 
length  of  important  parts  of  the  body  (head,  beak,  limbs,  Ac.),  in  the 
varioas  stages,  expressed  as  percentages  of  length  of  vertebral  oolnmn. 
The  table  shows  that  while  the  wings  attain  their  maximum  relative 
size  in  Stage  F,  the  legs  continue  to  increase  in  proportional  length 
some  time  after  hatching.  The  brain-case,  also,  nndergoes  irom. 
Stage  G  onwards  a  proportional  diminution  in  size,  while  the  beak 
increases  steadily  up  to  adult  life. 

The  greater  part  of  the  full  paper  will  deal  with  the  skeleton :  a 
detailed  description  will  be  g^ven  of  the  entire  skeleton  at  about  the 
time  of  hatching,  when  all  the  more  important  ossifications  have 
appeared  and  but  little  ankylosis  has  taken  place. 

The  vertebral  formula  is — 


r 


Cv.  16.     Th.  5-1-3  :  L.  8  :  S.  3  :  Cd.  3-f-6-8. 

The  bracket  indicates  that  the  last  three  thoracic,  all  the  lumbar 
and  sacral,  and  the  first  three  caudal  vertebne  are  united  to  form  the 
compound  sacrum  of  the  adult. 

The  axis  vertebra  is  ossified  by  five  centres,  the  additional  one 
occurring  in  the  antoro-ventral  region  of  the  body,  below  the 
odontoid ;  this  evidently  represents  an  inter-centrum  or  inter- vertebral 
wedge-bone. 

The  cervical  ribs  appear  to  chondrify  separately  from  the  rest  of 
the  vertebraB ;  but  further  observations  are  needed  on  this  point,  aa 
well  as  on  the  autogenously  ossified  transverse  processes  of  the  sacral 
Tertebr83  which  in  the  youngest  specimen  hitherto  examined  are 
continuous  with  the  vertebrae. 

The  skull  differs  so  little  except  in  details  from  that  of  other  birds, 
that  there  is  little  to  be  said  about  it  in  an  abstract.  The  chondro- 
cranium  of  the  ripe  embryo  and  the  separate  membrane  bones  will  he 
fully  described  and  figured.  As  in  other  birds,  I  find  no  trace  of 
Jacobson's  organ ;  the  capsule  of  the  organ  is,  however,  represented 
by  a  distinct  (paired)  rod  of  cartilage  in  the  vomerine  region,  as  in 
lihea. 

In  Stages  D — G  the  shoulder-girdle  consists  of  a  solid  piece  of 
cartilage  having  much  the  same  shape  as  the  adult  bone.  In  Stage  H 
an  ossification  appears  in  the  scapular  region,  and  another  in  the  post- 
axial  moiety  of  the  coracoid  region.  In  Stage  I  a  fenestra  appears, 
immediately  pre-axiad  of  the  coracoid  ossification,  dividing  the 
ventral  portion  of  the  shoulder-girdle  into  procoracoid  and  coracoid 
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regfions.  The  resemblance  at  this  stage  to  the  shoulder-girdle  of  the 
ostrich  is  very  close,  but  the  late  occurrence  of  the  diBtinction  between 
coracoid  and  procoracoid,  and  their  formation  by  fenestration  of  a 
continuous  cartilage,  are  remarkable.  In  Stage  K  the  procoraooid 
has  degenerated  into  a  ligament  which  now  forms  the  sole  pre-axial 
boundary  of  the  coracoid  fenestra.  Later,  the  ooraooid  ossification 
extends  pre-axiad  until  the  membrane  of  the  fenestra  is  replaced  bj 
bone,  but  even  in  the  adult  the  position  of  the  fenestra  is  marked  bj 
the  thin,  often  emarginate  plate  which  forms  the  inner  or  pre-axial 
portion  of  the  coracoid.  The  small  aperture  situated  meqio-ventrad 
of  the  glenoid  cavity,  and  sometimes  described  as  the  coracoid 
fenestra,  sei*ves  for  the  transmission  of  a  nerve. 

In  Stage  E  the  manus  contains  three  well-chondrified  snb-equal 
digits ;  the  carpals  are  not  yet  chondrified,  and  are  only  indicated  bj 
a  concentration  of  nuclei  in*  the  blastema.  In  Stage  F  the  second 
digit  has  increased  out  of  all  proportion  to  the  first  and  third.  In 
Stage  O  the  pollex  has  degenerated,  and  its  position  is  indicated  only 
by  a  concentration  of  nuclei  in  tha  mesoblast;  two  well-marked 
carpals  have  appeared,  one  of  which — the  radiale — lies  pre-axiad  and 
slightly  proximad  of  the  other,  which  gives  attachment  to  the  second 
and  third  metacarpals.  In  Stage  H  the  radiale  lies  entirely  proximad 
of  the  second  or  distal  carpal,  which  is  closely  applied  to  the  proximal 
ends  of  the  two  metacarpals.  In  the  newly-hatched  bird  the  second 
and  third  metacarpals  have  ankylosed  with  one  another  and  with  the 
distal  carpal,  the  radiale  remaining  separate. 

In  Stage  G  the  pubis  closely  resembles  that  of  a  chick  of  the 
6th  day,  the  pubis  being  vertical  and  the  ilium  comparatively  short. 
In  Stage  E  the  ilium  has  lengthened  greatly,  and  the  pubis  forms  an 
angle  of  20**  with  the  vertical.  In  G  the  adult  form  is  assumed,  aud 
in  H  ossification  has  begun. 

In  Stage  D  the  tarsus  consists  of  three  elements,  tibiale,  fibulare, 
and  a  single  cartilage  representing  the  five  distalia.  Besides  the 
three  functional  digits  of  the  adult,  and  the  pollex,  which  at  this 
stage  has  its  normal  connexion  with  the  tarsus,  there  is  a  distinct 
vestige  of  the  fifth  metatarsal  in  the  form  of  a  rod-like  cartilage, 
0*4  mm.  long.  In  Stage  E  the  foot  has  elongated ;  the  pollex  bas 
shifted  distalwards,  and  is  now  attached  to  the  pre-axial  edge  of  the 
second  metatarsal  at  about  the  middle  of  its  length.  The  fifth  meta- 
tarsal is  still  distinct,  but  has  not  increased  in  size ;  the  tibiale  and 
fibulare  have  united. 

In  Stage  F  the  foot  has  nearly  attained  its  adult  form.  The  united 
tibiale  and  fibulare  instead  of  being,  as  in  the  preceding  stage,  in 
close  contact  with  the  combined  distalia,  are  separated  from  them  by 
a  narrow  in-growtli  of  connective  tissue,  the  rudiment  of  the  meso- 
t&rsal  semilunar  pad.     The  fifth  metatarsal  is  still  visible,  but  has 


1888.]  Presents.  487 

xmdergone  distinct  retrogression,  being  only  0'15  mm.  in  length,  and 
formed  of  indifferent  tissue  instead  of  hyaline  cartilage.  From  this 
it  would  appear  that  the  fifth  metatarsal  actually  disappears  in 
Apteryx  instead  of  fusing  with  the  fourth  as  in  the  chick. 

In  Stage  Q  the  proximal  tarsals  are  closely  applied  to  but  have  not 
jet  united  with  the  tibia ;  the  distalia  also  are  still  distinct  from  the 
metatarsals.  The  rudiment  of  the  mesotarsal  semilunar  pad  has 
increased  considerably,  and  in  the  centre  of  it  a  rounded  nodule  of 
hyaline  cartilage  has  appeared,  which  I  take  to  bo  the  representative 
of  the  centrale  tarsi,  an  element  not  hitherto  recognised  in  birds.*  In 
a  recently-hatched  specimen  of  Apteryx  australiSf  it  is  a  perfectly 
distinct  cartilage  about  2  mm.  in  diameter,  imbedded  in  the  fibrous 
tissue  of  the  semilunar  pad ;  in  the  adult  it  becomes  ossified,  attaining 
a  diameter,  in  A.  oweni^  of  about  5  mm. 

As  the  scientific  libraries  to  which  I  have  access  are  small  and 
imperfect,  I  take  this  opportunity  of  saying  that  I  shall  be  extremely 
grateful  to  the  authors  of  papers  bearing  upon  the  subjects  of  the 
present  investigation  who  will  favour  me  with  separate  copies. 

[Note, — ^In  no  stage  is  there  any  trace  of  the  hard  knob  on  the  beak  * 
which  in  birds  generally  assists  the  embryo  to  break  the  egg-shell. — 
March  21,  1888.] 

The  Society  then  adjourned  over  the  Easter  Recess  to  Thursdav, 
April  12th. 
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^*0n  the  Voltaic  Circles  producible  by  the  mutual  Neutrali- 
sation of  Acid  and  Alkaline  Fluids,  and  on  various  related 
Forms  of  Electromotors."  By  C.  R.  Alder  Wright,  D.Sc, 
F.R.S.,  Lecturer  on  Chemistry  and  Physics,  and  C.  Thomp- 
son, F.I.C.,  F.C.S.,  Demonstrator  of  Chemistry,  in  St. 
Mary's  Hospital  Medical  School.  Received  January  18, 
—Read  February  2,  1888. 

(Abstract.) 

• 

The  authors  have  examined  a  variety  of  cells  analogous  to 
Becquerel's  "  pile  k  ozyg^ne ;  "  i.e.,  containing  two  platinum  or  other 
non-oxidisable  plates,  one  immersed  in  an  acid  fluid,  the  other  in  an 
alkaline  one,  the  two  fluids  being  connected  by  a  wet  wick  or  siphon, 
and  either  some  oxidising  agent  being  also  contained  in  the  acid  or 
some  reducing  substance  in  the  alkali.  In  the  first  case  continuous 
evolution  of  oxygen  was  brought  about  from  the  surface  of  the 
plate  immersed  in  the  alkali ;  in  the  second  the  converse  ))he- 
nomenon  was  observed,  i.e.,  hydrogen  was  continuously  evolved 
from  the  plate  in  the  acid ;  in  each  case  the  quantity  of  gas  liberated 
was  equivalent  to  the  current  passing  as  measured  by  a  small  silver 
voltameter.  Thos  the  following  figures  were  obtained  in  various 
experiments,  the  measurements  being  made  after  sufficient  amounts 
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of  current  had  passed  to  about  saturate  with  oxygen  or  hydrogen 
respectively  the  flnid  in  the  collecting  tube,  and  so  avoid  loss  by 
'solution ;  in  the  first  set  the  alkaline  fluid  was  strong  caustic  soda  solu- 
tion ;  in  the  second  somewhat  .  diluted  sulphuric  acid  (1  to  4  or  5 
water)  was  the  acid  liquid.  Carbon  plates  were  used  in  experiments 
O  and  H ;  platinum  ones  in  all  the  others. 

I.  Cells  in  which  Oxygen  was  evolved. 

A.  Becquerel's  "  pile  &  oxygene."     Concentrated  nitric  acid  used. 

B.  Diluted  sulphuric  acid  in  which  potassium  permanganate  had 

been  dissolved. 

C.  Diluted  sulphuric  acid  in  which  potassium  dichromate  had  been 

dissolved. 

D.  Diluted  sulphuric  acid  in  which  potassium  f  erricyanide  had  been 

dissolved. 

E.  Acid  solution  of  ferric  chloride. 

F.  A  stronger  acid  solution  of  i^rric  chloride. 

G.  Hydrochloric  acid  saturated  with  chlorine. 

H.  Diluted  sulphuric  acid  containing  dissolved  bromine. 


Time  in  hours. 

Milligmns  of 
silrer  deposited. 

Cubic  centimetres  of  oxjgen  at  (f  and 
760  mm. 

Equivalent  to  silver. 

Actually  collected. 

A.  18 

B.  10 

C.  18 

D.  42 

E.  48 

F.  48 

G.  18 
M.    18 

102 
85 
16 
12 
5 
18 
25 
46 

5-3 

4-41 

0-83 

0-62 

0-26 

0-93 

1-30 

2-38 

5  1 

4-30 

0-80 

0-45 

0-25 

0-85 

1-4 

2-3 

II.  Cells  in  which  Hydrogen  was  evolved, 

I.  Concentrated  Rolntion  of  sodium  hyposulphite  (hydrosulphite 
Schiitzenberger)  made  strongly  alkaliue  with  caustic  soda. 

J.  Strong  caustic  soda  containing  pyrogallol  dissolved  therein. 

K.  Alkaline   fluid   obtained   by    dissolving    cuprous    chloride  in 
ammonia. 

L.  Similar    fluid    obtained     from     ferrous    sulphate,   ammonium 
chloride,  and  ammonia. 
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Time  in  hourA. 

Milligrams  of 
silver  deposited. 

Cubic  centimetres  of  hjdrogen  at  (f 
and  760  mm. 

Equivalent  to  silver. 

Actually  collected. 

I.      8 
J.    22 
Z.    16 
L.    20 

1 

104 
76 
53 
36 

10-8 
7-9 
5-5 
8*7 

10-7 
7-8 
5-4 
3-6 

• 

Varions  reducing  agents  were  found  ineffective  in  causing  hydro- 
gen evolntion  in  this  way ;  thus  no  noticeable  amount  of  hydrogen 
was  produced  when  sodium  sulphite  or  hypophosphite,  potassium 
ferrocyanide,  or  manganous  hydroxide  and  ammoniacal  sal-ammoniao 
were  used.  Similarly,  no  oxygen  evolution  was  observed  when  a 
mixture  of  sulphuric  acid  and  barium  dioxide,  or  hydrochloric  acid 
containing  iodine  in  solution,  was  the  acid  fluid.  On  the  other  hand, 
the  oxygen  absorbed  by  a  platinum  sponge  aeration  plate  was  suffi-' 
cientlj  active  to  cause  some  four  times  as  much  permanent  current  tO 
pass  as  was  produced  when  a  solid  platinum  plate  was  used  immersed 
some  centimetres  below  the  surface  of  the  acid. 

By  substituting  various  metals  and  caustic  soda  or  ammonia  sola* 
tion  for  the  platinum  plate  and  alkaline  solution  containing  a 
]*educing  substance,  tolerably  energetic  cells  were  obtained  ;  even  in 
the  case  of  metals  not  ordinarily  regarded  as  belonging  to  the  oxi- 
disable  class,  solution  was  readily  brought  about  when  the  alkaline 
fluid  contained  potassium  cyanide.  In  all  cases  hydrogen  was 
evolved  from  the  surface  of  the  opposed  platinum  plate  immersed  in 
sulphuric  acid  solution  in  quantity  proportionate  to  the  cuiTent 
passing,  whilst  a  quantity  of  metal  was  dissolved  usually  sensibly 
equal  to  that  representing  the  formation  of  the  lowest  oxide;  tin 
dissolved  to  a  somewhat  less  extent,  indicating  the  production  of 
some  stannic  oxide,  from  3  to  7  per  cent,  of  the  metal  being  dissolved  in 
this  form,  and  the  rest  as  stannous  oxide  ;  and  mercury  dissolved  to 
form  mercuric  potassio- cyanide,  100  parts  of  metal  dissolving  for 
108  of  silver  thrown  down  in  the  voltameter.  Gt)ld,  silver,  and 
palladium  readily  evolved  hydrogen  when  immersed  in  cyanide  solu- 
tion ;  but  platinum  was  ineffective,  and  iron  gave  only  a  faint  action. 
Thus  the  following  figures  were  obtained  in  various  experiments : — 
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Metal  lued. 


Tin 

»»  •  •  •  •  • 
Lead  .... 
Copper  . . 

Silrer  .!.' 
Mercury  . 
Palladium 
Gbld  .... 
Nickel . . . 
Cobalt . . . 


Alkaline  fluid. 


Caustic  soda. 

Ammonia. 

^  Potassium 

cyanide 

and  caustic 

potash. 

>» 
i» 
>» 
»» 
t» 
>i 
»t 


Time. 


Shrs 
2 
16 

42 


if 


10 

4 
6 
24 
18 
14 
18 
4 


»» 
)f 
tt 
»i 
tt 
it 


Millipams 
of  BilTer 
precipi- 
tated in 

Toltameter. 


107 

187 

244 

11 

120 

115 
69 
78 
106 
141 
45 
15 


Hydrogen  liberated  in 

cubio  centimetres  at 

CT  0.  and  760  mm. 


Equiyalent 

to  silyer 

deposited. 


11  08 
14*2 
25-8 
1-14 

12-4 

11-9 
7  16 
8*08 
11  0 
14-6 
4-7 
1-66 


AiOtaally 
ooUeoted. 


11-0 

14-2 

26-1 

10 

12-0 

11-2 
6-9 
8-0 
11  0 
14-65 
4*5 
1*55 


In  all  the  cells  examined,  the  ultimate  action  may  be  expressed  by 
the  scheme — 

r  X  I  H2SO4  I  NagSO^  I  2NaOH 
IXH2  I  SO^Na^  I  SO^Nag  |  HgO  +  O, 

where  oxygen  is  evolred,  X  being  some  substance  capable  of  com- 
bining with  hydi-ogen  (nitric  acid,  chromic  anhydride,  chlorine,  &c.)  ; 
and  by  the  scheme — 


{ 


HjSO*  I  NajSO^  I  2NaOH  |  Y 
Ha  I  SO^Na,  |  SO^Na,  |  HjO  +  OT, 


where  Y  is  some  substance  capable  of  uniting  with  oxygen  (pyro- 
gallol,  ferrous  oxide,  copper,  gold,  <fcc.).  For  every  gram-equivalent 
of  silver  thrown  down  in  the  voltameter,  consequently,  a  gram- 
equivalent  of  both  acid  and  alkali  must  disappear  by  mutual  neutra- 
lisation daring  the  passage  of  the  current.  This  disappearance  was 
verified  quantitatively  by  titration  in  various  experiments  with  no 
more  lack  of  precision  than  the  nature  of  the  observation  would  lead 
one  to  anticipate. 

We  find  that  by  combining  two  fluids,  one  f^lkaline  and  containiDg 

a  powerful  reducing  agent,  the  other  acid  and  containing  an  energetic 

oxidiser,  with  platinum  plates  immersed  in  each  (e.g.,  caustic  soda 

solation  of  pyrogallol,  and  sulphuric  acid  solution  of  chromic  anhy- 
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dride),  continaons  currents  of  very  considerable  power  may  be 
obtained  when  the  internal  resistance  is  diminished  sufficiently  by 
using  cells  of  considerable  magnitude ;  e.g.,  when  made  of  the  stone- 
ware and  inner  porous  vessels  usually  employed  for  Grove's  cells,  the 
porous  vessel  being  cemented  into  the  outer  stoneware  vessel  (by 
piaraffin  wax  or  other  unattacked  material)  in  such  a  fashion  as  to 
divide  it  into  three  compartments  separated  one  &om  the  other  by 
porous  dividing  walls;  the  acid  and  alkaline  fluids  being  placed  in 
the  two  outermost  compartments,  and  the  innermost  one  being  filled 
with  a  solution  of  a  neutral  salt,  e.g.,  sodium  sulphate.  A  large 
variety  of  analogous  cells  of  more  or  less  power  can  thus  be  formed  by 
using  different  organic  and  inorganic  reducing  substances  soluble  in 
alkali,  e.g.^  ferrocyanides,  hydrosulphites,  opianates,  &c. 


"On  Kreatinins.  I.  On  the  Kreatinin  of  Urine  as  distin- 
guished from  that  obtained  from  Flesh  Kreatin,  11.  On 
the  Kreatinins  derived  from  the  Dehydration  of  Urinary 
Kreatin."  By  George  Stillingfleet  Johnson,  M.R.C.S., 
F.C.S.,  F.I.C.    Received  May  5, — Read  June  16,  1887. 

Part  I. 

I  was  induced  to  undertake  this  investigation  by  a  careful  observa- 
tion of  the  action  of  picric  acid  and  potassium  hydrate  upon  normal 
human  urine  at  the  boiling  temperature. 

The  introduction  of  picric  acid  as  a  tost  for  sugar  in  urine  is  due 
to  my  father,  Dr.  George  Johnson,  who  accidentally  discovered  the 
production  of  a  very  dark  colour  on  the  addition  of  picric  acid  to  a 
portion  of  saccbarine  urine  which  had  been  previously  boiled  with 
potassium  hydrate.  He  made  this  observation  in  November,  1882. 
The  dark  colour  was  found  to  be  due  to  reduction  of  potassium 
picrate  to  potassium  picramate  by  glucose  at  the  boiling  temperature, 
and  in  presence  of  potassium  hydrate.  The  reaction  had  been 
described  by  C.  D.  Braun  nearly  twenty  years  previously  ("  Ueber 
die  Umwandlung  der  Pikrinsaure  in  Pikraminsaiire  und  Uber  die 
Nachweisung  des  Traubenzuckers,"  'Fresenius,  Zeitschrift,'  1865), 
but  it  had  not  hitherto  been  applied  to  any  practical  purpose. 

Having  observed  the  extreme  delicacy  of  the  test,  and  the  ease  with 
which  the  reaction  is  effected,  my  father  determined  to  introduce  it  to 
the  notice  of  the  medical  profession,  not  merely  as  a  trustworthy 
qualitative  test  of  extreme  delicacy,  but  also  as  a  means  of  estimating 
quantitatively  the  actual  amount  of  glucose  in  diabetic  urines.  In 
this  latter  object  I  did  my  best  to  assist  him,  and  our  united  efforts 
resulted  in  ihe  elaboration  of  a  new,  easy,  and  accurate  method  for 
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determining  sugar  in  urine,  which  is  f  ally  described  in  Dr.  G.  John- 
son's volume  of  '  Medical  Lectures  and  Essajs/  and  also  in  the  bst 
edition  of  Dr.  Roberts'  work  on  '  Urinary  and  Benal  Diseases.* 

Beaction  of  the  Picric  Acid  and  Potash  Test  in  Normal  Human  Urine. 

As  soon  as  the  picric  acid  and  potash  test  was  introdaoed  to  my 
notice,  I  applied  it  to  normal  human  urine,  and  found  that  it  ghYe 
indication  of  the  presence  therein,  if  not  of  glucose,  at  all  events  of 
a  reducing  substance  capable  of  reducing  yellow  potassium  picrate  to 
red  potassium  picramate  ia  presence  of  potassium  hydrate  at  the 
boiling  temperature. 

After  the  elaboration  of  the  test  as  a  quantitative  one,  many  speci- 
mens of  urine  from  men  in  perfect  health  were  examined  by  its  means, 
nnd  we  never  met  with  a  single  specimen  which  gave  no  reducing 
action,  though,  as  would  be  expected,  the  reduction  was  more  marked 
in  concentrated  specimens,  and  the  smallest  quantity  of  reducing  sub- 
stance was  found  in  the  urine  of  patients  suffering  from  diabetes 
insipidus,  in  which  cases  the  specific  gravity  of  the  secretion  was  very 
low. 

In  most  urines  from  healthy  individuals,  of  the  average  specific 
gravity  (1*020),  the  amount  of  reduction  exerted  upon  picric  add  in 
presence  of  potassium  hydrate  at  the  boiling  temperature  corresponded 
with  that  wnich  would  have  been  produced  by  a  solution  of  glucose 
containing  0*6  grain  per  fluid  ounce ;  whilst  the  quantity  of  reducing 
ngcnt  indicated  by  the  method  of  Fehling  or  Pavy  is  always  slightlj 
^eater,  the  cupric  oxide  reduction  of  normal  human  urine  expressed 
in  terms  of  glucose  averaging  0*75  grain  per  fluid  ounce. 

But  is  this  normal  reducing  agent  glucose  ?  and  if  not,  what  is  it  ? 
The  object  of  the  present  research  is  to  answer  these  questions. 

Observations  which  negative  the  Hypothesis  that  the  Reducing  Agent  cf 

Normal  Urine  is  Glucose. 

Dr.  Robert  Kirk  (*  Lancet,'  June  16,  1883)  was,  I  believe,  the  first 
to  publish  the  fact  that  healthy  urine  gives  some  indication  of  reducing 
picric  acid  in  presence  of  potash  at  the  ordinary  temperature^  whereas 
glucose  effects  no  redaction  until  the  temperature  approaches  the 
boiling  point.     This  is  an  important  distinction. 

Again,  after  repeated  experiments,  I  have  never  once  succeeded  in 
producing  alcohol  and  carbon  dioxide  from  normal  human  urine  by 
the  action  of  yeast,  even  when  the  solution  was  artificially  concen- 
trated before  introducing  the  yeast,  and  the  liquid  containing  the 
ferment  was  kept  under  the  most  favourable  conditions  of  tempera- 
ture, &c. 
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Repeated  Obgervations  have  confirmed  the  Existence  of  Reducing  Agents 

in  Normal  Human  Urine. 

It  was  probably  owing  to  the  impossibility  of  accounting  otherwise 
for  the  reducing  action  which  normal  nrine  invariably  exerts  upon 
cdpric  oxide  in  boiling  alkaline  solutions,  that  physiological  chemists 
were  led  to  assert  that  dextrose  is  present  in  the  urine  of  healthy  men. 

In  a  paper  published  in  the  Medico- Chirurgical  Society's 
*  Transactions  *  (vol.  63,  p.  222),  Dr.  F.  W.  Pavy,  F.R.S.,  writes  as 
follows : — "  The  reducing  action  before  the  addition  of  acetate  of  lead 
is  due  partly  to  uric  acid  and  partly  to  the  small  amount  of  sugar 
naturally  present  in  urine.  It  is  doubtful  if  there  is  any  other  body 
worthy  of  consideration  to  exert  any  sensible  reducing  effect."  And 
Dr.  Pavy  finds  that  one-fourth  of  the  total  reduction  of  copper  oxide 
by  normal  urine  is  due  to  uric  acid.  This  result  Dr.  Pavy  arrived  at 
by  estimating  the  cupric  oxide  reduction  of  the  urine  before  and  after 
precipitation  by  lead  acetate,  which  removes  from  solution  the  uric 
acid,  but  not  the  other  reducing  agent  to  which  three-fourths  of  the 
total  reducing  effect  must  be  ascribed,  and  which  Dr.  Pavy  con- 
cludes is  sugar.  Briicke's  views  on  this  subject  are  too  well  known  to 
need  comment. 

Amongst  the  known  substances  other  than  glucose,  which  reduce 
potassium  picrate  to  picramate  in  boiling  alkaline  solutions,  are — 

(1.)  Potassium  ferrocyanide,  a  salt  which  is  not  likely  to  be  found 
in  urine,  since  it  is  devoid  of  medicinal  properties,  and  is  therefore 
not  likely  to  be  administered. 

(2.)  Sulphides  of  the  alkali  metals.  I  have  shown  Q  Chemical 
News,'  vol.  47, 1883,  p.  87)  that  in  boiling  dilute  solutions  of  potassium 
hydrate,  albumen  yields  potassium  tetrathionate,  and  not  potassium 
sulphide,  and  as  potassium  tetrathionate  does  not  reduce  potassium 
picrate  in  boiling  dilute  solutions  of  potassium  hydrate,  and  as  a  very 
dilute  solution  of  potassium  hydrate  is  employed  in  the  quantitative 
estimation  of  glucose  by  picric  acid,  viz.,  30  minims  of  the  liquor 
potassae  of  the  British  Pharmacopoeia,  diluted  to  4  drachms,  there  is  no 
possibility  of  reduction  of  picric  acid  by  alkaline  sulphides,  formed  by 
the  action  of  potassium  hydrate  upon  unoxidised  sulphur  compounds 
in  the  nrine  at  the  boiling  temperature. 

Kreatinin  has  been  suggested  by  Dr.  Oliver  as  the  reducing  agent 
of  normal  urine  (*  Bedside  Urinary  Testing*).  The  sample  of 
kreatinin  which  he  examined  was  sold  by  Messrs.  Hopkin  and 
Williams.  I  have  examined  a  portion  of  this  sample,  and  found  that 
it  was  very  deficient  in  reducing  power.  Allowing  most  liberally  for 
its  presence  in  the  urine,  only  about  one-twentieth  of  the  total  reduc- 
tion of  cnpric  oxide  effected  by  that  secretion  in  its  normal  condition 
conld  be  accounted  for  by  this  substance. 
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The  redncing  action  of  kreatinin  upon  capric  oxide  in  boiling  solu- 
tions containing  canstio  alkali  has  been  long  known  to  G^erman 
chemists.  Thus,  Kiihne  draws  attention  to  this  fact  at  page  505  of 
his  '  Lehrbnch  der  Physiologischen  Chemie.' 

As  regards  the  cunMunt  of  cnpric  oxide  redaction  nsnally  attributed 
to  kreatinin  by  German  phjsiologfical  chemists,  I  may  quote  a  recent 
paper  by  Professor  E.  Salkowski,  in  the  *  Centralblatt  fur  die  Medi- 
cinischen  Wissenschaften,'  March,  1886,  in  which  the  reduction  due 
to  uric  acid  and  kreatinin  combined  is  estimated  as  varying  from 
one-fifth  to  one-sixth  of  the  total  cupric  oxide  reduction  effected  by 
normal  urine,  the  remainder  being  attributed  to  other  substances,  and 
probably  to  compounds  of  glycuronic  acid  (Glykuronsaureverbin- 
dungen). 

The  Reducing  Agent  of  Normal  Urine  is  disintegrated  by  prolonged 
Boiling  with  Dilute  Solution  of  Potassium  Hydrate. 

Whilst  examining  the  reactions  of  the  reducing  agent  in  normal 
orine,  I  found  that  by  prolonged  boiling  with  dilute  potassium 
hydrate  solution,  about  three-fourths  of  the  copper  oxide  reducing 
power  of  the  urine  is  lost,  the  remaining  one-fourth  being  due  to 
Bui*yiyal  of  the  uric  acid.  The  urine  which  had  been  subjected  to 
this  treatment  did  not  reduce  picric  acid  at  all,  for  uric  acid  has  no 
reducing  action  upon  picric  acid  in  boiling  alkaline  solutions. 

The  reducing  agent  of  normal  urine  is  therefore  disintegrated  by 
prolonged  ebullition  with  potassium  hydrate.  On  comparing  the  beha- 
viour of  solutions  of  glucose  in  the  same  circumstances,  I  have  since 
found  that  such  solutions  lose  their  reducing  action  upon  cupric  oxide 
with  far  greater  rapidity  than  the  reducing  agent  of  normal  urine. 

In  the  •  British  Medical  Journal,'  (March  17th,  1883),  will  be 
found  a  table  of  results  of  some  determinations  of  the  reducing 
action  of  normal  urines  upon  picric  acid  and  cnpric  oxide  respectively, 
in  which  the  effect  of  prolonged  boiling  with  diluted  potassium 
hydrate  solution  upon  the  reducing  agent  of  normal  urine  is  visible 


I. 

Total  indication 
by  picric  acid. 

TT. 

Total  indication 

by  ammonio- 

cupric  method. 

III. 

Indication  by 

ammonio-cuprio 

method,  after 

boiling  with 

potaeh. 

IV. 

Difference  between 

II  and  III,  normal 

reducing  agent. 

gr.  per  1  fluid  oz. 
(1.)     0-6 
(2.)     0  -5 
(8.)     0  -35 
)      (4.)     0*8 

gr.  per  1  fluid  oz. 
0*9C*9 
0-607 
0*546 
1-245 

gr.  per  1  fluid  os. 
0*276 
0-09 
0-145 
0-437 

1 

gr.  per  1  fluid  os. 
0-63 
0-517 
0*401 
0-808 
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at  a  glance.     In  this  table  all  the  reductions  are  expressed  in  terms 
of  glucose. 

Summing  up  all  the  evidence,  there  is  no  doubt  that  a  reducing 
agent  is  present  as  a  normal  constituent  of  the  urine  of  healthy  men, 
and  that  it  confers  upon  normal  urine  the  property  of  reducing  cupric 
oxide  to  the  same  extent  as  if  it  held  in  solution  (on  the  average) 
6  grains  of  glucose  in  every  10  fluid  ounces  of  urine,  or  1*34  grams 
per  litre.  Bat,  considering  the  impossibility  of  causing  alcoholic  fer- 
mentation to  take  place  in  solutions  of  this  reducing  agent,  and  its 
property  of  reducing  picric  acid  to  some  extent  in  presence  of 
potassium  hydrate  at  the  ordinary  temperature,  its  identity  Tvith 
glucose  appears  to  be  very  doubtful.  Further  doubt  is  thrown  upon 
this  identity  by  the  fact  that  if  a  solution  of  mercuric  chloride  be  added 
to  normal  urine  and  afterwards  potassium  hydrate,  the  yellowish  pre- 
cipitate which  forms,  becomes  grey  in  a  few  minutes  by  reduction  at 
the  ordinary  temperature,  whereas  glucose  does  not  effect  reduction 
of  mercuric  oxide  in  presence  of  potassium  hydrate  without  applica- 
tion of  heat  in  less  than  one  hour. 

Endeavours  to  Isolate  the  Reducing  Agent  of  Normal  Urine, 

Having  examined  qualitatively  the  reactions  of  the  reducing  agent 
of  normal  urine,  and  having  found  reasons  to  doubt  its  identity  with 
diabetic  sugar,  I  next  proceeded  to  employ  various  precipitants  with 
a  view  to  its  removal  from  the  complex  fluid  in  which  it  is  dissolved. 

Normal  lead  acetate,  basic  lead  acetate,  baryta-water,  solution  of 
ammonia,  alcohol,  were  all  employed  in  turn,  but  tbe  filtrates  in  each 
case  reduced  picric  acid  as  strongly  as  before  precipitation,  showing 
that  the  precipitants  employed  had  failed  to  remove  the  reducing 
agent  from  solution. 

Finally  1  succeeded  in  removing  the  whole  of  the  normal  reducing 
agent  from  urine  by  complete  precipitation  with  strong  aqueous  solu- 
tion of  mercuric  chloride. 

Previous  Researches  on  the  Action  of  Mercuric  Chloride  upon  Normal 

Human  Urine, 

It  has  long  been  known  that  an  aqueous  solution  of  mercuric 
chloride  produces  in  all  specin^iens  of  normal  urine  a  flocculent  pre- 
cipitate, when  added  in  sufficient  excess.  But  the  state  of  our 
knowledge  as  to  the  nature  of  the  substance  or  substances  thus 
precipitated  is  very  unsatisfactory. 

Dr.  John  Greene,  of  Birmingham,  published  in  the  'British 
Medical  Journal '  (May  10th,  1879)  a  research  in  which  he  describes 
the  isolation  from  this  precipitate,  produced  by  mercuric  chloride  in 
normal  u:Hne,  of  a  white  flocculent  albumen-like  substance,  precipi- 
table  by  lead  acetate  as  well  as  by  mercuric  chloride,  and  refusing  to 


49«  Mr.  G.  S.  Johnson. 

dialjse  through  animal  memhranes.     Dr.  Greene  analysed  this  sal>> 
stance,  with  the  following  results : — 

Carbon 34' 52 

Hydrogen 5*71 

Nitrogen 12*58 

Oxygen . , . ! 47*19 

100*00 

The  empirical  formula  indicated  by  these  numbers  is  C^fH^N^On, 
which  requires — 

Carbon 35*03 

Hydrogen 5*47 

Nitrogen   1277 

Oxygen 4673 

100-00 

The  main  object  of  Dr.  Greene's  research  was  to  prove  that  the 
precipitate  produced  by  mercuric  chloride  in  normal  urine  contains  a 
large  proportion  of  organic  nitrogen,  and  that  corrections  might  be 
made,  in  the  determination  of  the  urea  in  urine  by  the  hypobromite 
method,  by  deducting  so  much  nitrogen  for  every  gram  of  mercury 
precipitate  yielded  by  the  original  urine. 

As,  however.  Dr.  Greene  rejected  everything  in  the  precipitate  by 
mercuric  chloride  in  normal  urine  which  is  not  also  precipitated  by 
lead  acetate,  he  of  course  missed  the  normal  reducing  agent  altogether, 
and  must  have  also  considerably  under-estimated  the  total  nitrogen 
contained  in  the  mercury  precipitate,  for  the  reducing  agent  of  normal 
urine  is  highly  nitrogenous,  as  will  presently  appear. 

Maly  (*  Ann.  Chem.  Pharm.,'  vol.  159,  p.  279)  describes  a  method 
for  obtaining  kreatinin  hydrochloride  from  the  urine  of  man  op  the 
horse  by  precipitation  with  mercuric  chloride.  His  method  consists 
in  concentrating  the  urine  to  one-third  of  its  original  bulk,  then  pre- 
cipitating by  lead  acetate  and  filtering,  whereby  the  uric  acid  and 
Greene's  substance  are  removed.  The  filtrate  is  freed  from  lead  by 
sodium  carbonate  or  sulphuretted  hydrogen,  neutralised  after  a  second 
filtration  by  acetic  acid  or  sodium  carbonate,  and  then  precipitated  by 
mercuric  chloride.  The  precipitate  is  washed  and  then  decomposed 
by  hydrogen  sulphide  under  water,  and  the  filtrate  is  decolourised  by 
animal  charcoal  and  evaporated.  The  residue,  on  being  re-crystallised 
once  or  twice  from  alcohol,  yields  pure  kreatinin  hydrochloride  in  hard 
shining  prisms  (vide  Watts's  *  Dictionary,'  Suppl.  2,  p.  393). 

In  spite  of  these  researches,  mercuric  chloride  has  recently  been 
again  recommended  aa  a  "^recv^vtwit  for  albumen  in  urine,  and  the 
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precipitate  produced  by  this  reagent  in  normal  urine  has  been  attri- 
buted to  urea.  Enough,  however,  has  been  said  to  prove  that  the 
precipitate  produced  by  mercuric  chloride  in  normal  urine  is  of  a  very 
complex  nature. 

Beaction  of  Normal  Human  Urine  with  Strong  Solution  of  Mercuric 

Chloride. — The  Author's  Researches. 

In  all  my  experiments  with  a  view  to  separate  the  reducing  agent 
from  normal  urine,  I  have  employed  a  solution  of  mercuric  chloride 
in  water,  saturated  at  the  temperature  of  the  laboratory  (16°  C). 

In  my  first  experiments  I  filtered  the  urine  immediately  after 
adding  to  it  one-fourth  of  its  volume  of  the  cold  saturated  mercuric 
chloride  solution,  and  always  found  that  the  filtrates  still  contained 
the  reducing  substance  in  solution. 

I  soon  observed,  however,  that  after  separating  the  fiocculent  amor- 
phous precipitate  first  produced  by  mercuric  chloride,  the  filtrate  did 
not  long  remain  clear,  but  after  about  half  an  hour  a  second  precipi- 
tate began  to  form,  having  a  granular  appearance,  and  continuing  to 
separate  out  for  many  days.  On  filtering  from  time  to  time,  and 
examining  the  reducing  action  of  the  filtrate,  it  was  found  that  the 
reducing  power  progressively  diminished  as  more  and  more  of  the 
mercury  salt  separated  out  from  the  solation.  In  short  it  soon 
became  evident  that  the  reducing  agent  of  normal  urine  may  be  com- 
pletely removed  from  that  liqnid  by  precipitation  with  mercuric  chlo- 
ride. 

Although  the  complete  precipitation  of  the  reducing  substance  is 
very  slow  if  mercuric  chloride  be  added  alone,  if  we  add  to  fresh  un- 
concentrated  urine  one-twentieth  of  its  volume  of  a  cold  saturated 
solution  of  sodium  acetate,  then  one-fonrth  of  its  volume  of  cold 
saturated  solution  of  mercuric  chloride,  and  filter  immediately,  the 
filtrate  deposits  the  whole  of  the  normal  reducing  agent  as  mercury 
salt  in  about  forty-eight  houra.  The  precipitation  is  known  to  be 
complete  when  the  filtrate  from  the  second  mercury  precipitate  re- 
mains clear,  even  on  the  addition  of  more  solution  of  sodium  acetate 
and  mercuric  chloride.  It  will  then  be  found  that  the  permanently 
clear  filtrate  is  without  reducing  action  upon  both  potassium  picrata 
and  <nipric  oxide  in  boiling  alkaline  solutions. 

The  first  precipitate  produced  by  mercuric  chloride  in  normal  urine 
is  amorphous  and  fiocculent,  and  has  some  resemblance  to  coagulated 
albumen.  Finding  that  it  contained  no  reducing  agent,  I  have  de- 
fen*ed  the  study  of  this  precipitate  for  the  present,  bat  a  cursory 
examination  of  it  showed  that  it  contained  uric  acid,  probably  as  mer- 
curio  urate,  besides  the  substance  described  by  Dr.  Greene,  which  is 
precipitated  by  lead  acetate.  When  decomposed  by  hydrogen  sulphide 
under  water,  the  filtrate  from  mercuric  sulphide  is  acid  in  reaction, 
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contuQS  mncli  chlorine,  bnt  no  phoepborio  acid,  and  jields  a  gtuamj 
mass  on  evaporation.  It  exerts  no  rednoing  action  either  npon  cnpric 
oxide  or  potauinm  picrate  in  boiling  alkaline  Bolntions. 

Satisfied,  therefore,  that  the  grannlar  precipitate  which  gradaallj 
Eepanited  ont  from  the  filtrate  from  the  above  amorphons  sabstanoe 
contains  the  whole  of  the  normal  redncing  a^nt  of  urine,  I  confined 
myself  to  the  examination  of  that  compound. 


Phi/tical  Froperliei 


of  the  Mercury  Salt  of  the  Reducing  Bate  of 


I  have  described  this  precipitate  as  granular,  and  it  certainly 
appears  npon  superficial  observation  to  be  a  crystalline  substance,  as 
indeed  might  be  expected  from  its  gradual  formation,  hat  microscopic 
examination  reveals  some  cnriona  facts  in  connexion  with  it. 

Examined  ander  a  quarter-inch  object  glass,  the  sabstanoe  is  at 
once  seen  to  be  perfectly  Komogeneoas,  and  often  has  the  appeaz^ 
ance  of  minate  crystals  nnited  together  in  stellate  groaps;  bnt 
under  a  one-sixteeath  inch  object  glass  these  stellate  groups  are 
seen  to  be  composed  of  a  nnmber  of  very  minate  and  perfectly 
spherical  maeses.  I  have  watched  the  growth  of  these  sphemles 
from  a  minate  point  to  a  little  globe  resembling  an  oil-globale.    The 
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mode  of  formation  of  this  oompoand  appeared  to  me  so  remarkable 
that  I  have  prevailed  upon  my  friend  Mr.  Herbert  Jackson  to  execute 
some  microphotographs  of  the  spherical  mercorjr  salt  of  the  redncing 
base  of  urine. 

This  spherical  mercury  salt  is  very  sparingly  soluble  in  opld  water* 
When  recently  precipitated  it  dissolves  with  great  ease  in  hydro- 
chloric acid,  but  is  insoluble  or  nearly  so  in  acetic  acid. 

Chemical  Beactions  and  Decompositions  of  the  Spherical  Mercury  Salt. 

Aqueous  solution  of  ammonia  does  not  blacken  the  spherical  com- 
pound, but  if  the  salt  be  thrown  into  boiling  water,  the  sediment 
which  remains  undissolved  is  immediately  blackened  by  ammonia- 
water,  so  that  a  portion  of  the  mercury  in  this  compound  is  i*educed 
to  the  niercnrous  condition  by  contact  with  water  at  100°  C.  There- 
lore,  the  spherical  mercury  salt  must  be  washed  with  cold  water, 
and  must  be  dried  in  vacuo  over  sulphuric  acid,  in  order  to  avoid  thia 
decomposition. 

Moistened  with  solution  of  potassium  hydrate  at  the  ordinary  tem- 
perature, the  compound  gradually  becomes  blacks  by  reduction,  a 
compound  ammonia  escaping  at  the  same  time  in  abundance. 

Suspended  in  cold  water  and  treated  with  hydrogen  sulphide,  the 
compound  first  becomes  yellow  and  finally  black  (mercuric  mercury), 
and  if  the  stream  of  gas  be  continued,  nothing  remains  uodissolved 
but  mercuric  sulphide.  The  solution  is  acid  in  reaction,  and  reduces 
both  potassium  picrate  and  cupric  oxide  in  presence  of  potassium 
hydrate  at  the  boiling  temperature  (hydrochloride  of  the  reducing 
base). 

Having  convinced  myself  that  the  spherical  compound  is  a  definite 
substance,  I  proceeded  to  ascertain  the  weight  of  it  which  is  yielded 
by  a  known  volume  of  urine,  and  to  subject  the  salt  to  analysis  with 
a  view  to  ascei*tain  its  composition. 

Whilst  determining  the  quantity  of  the  spherical  compound  obtained 
by  precipitation  from  known  volumes  of  urine,  I  was  of  course  accu- 
mulating a  store  of  material  from  which  to  prepare  large  quantities  of 
the  reducing  base  itself  for  subsequent  examination.  The  method 
which  I  adopted  was  as  follows  : — 

A  quantity  of  fresh  human  urine  is  examined  for  albumen  and  sugar, 
and,  if  found  normal,  its  volume  is  exactly  noted.  The  reaction  to 
litmus  is  then  ascertained,  and  also  the  amount  of  reduction  of  picric 
acid  (or  cupric  oxide)  which  it  is  capable  of  effecting.  Next  the 
specific  gravity  of  the  specimen  is  observed,  after  which  I  add  to  it 
one-twenUeth  of  its  volume  of  a  cold  saturated  solution  of  sodium 
acetate,  and  from  one-third  to  one-fourth  of  its  volume  of  cold  satu- 
rated mercuric  chloride  solution.  There  is  no  need  to  concentrate 
the    urine    by    evaporation.       The    mixture    is    now    immediately 
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filtered  to  separate  tbe  floccnlent  amorphoas  mercmrj  precipitate,  and 
the  filtrate  is  received  into  a  large  glass  vessel  capable  of  holding  abont 
60  litres.  It  is  better  not  to  operate  with  more  than  a  litre  of  nrine 
at  a  time,  because  if  a  larger  volume  be  taken  there  is  risk  of  forma- 
tion of  spherical  mercury  salt  before  the  filtration  is  complete,  and  of 
its  retention  upon  the  filter.  But  the  mercuric  chloride  acts  so  effee- 
tualij  in  preventing  putrefaction  that  sample  after  sample  maj  be 
treated  as  above  directed,  and  filtered  into  the  same  receptacle^  in 
which  the  spherical  compound  accumulates  and  awaits  the  convenience 
of  the  operator.  When  a  sufficient  quantity  has  accumulated,  it  is 
thrown  upon  a  filter,  washed  with  cold  distilled  water  till  the  wash- 
ings are  only  slightly  troubled  by  silver  nitrate,  and  the  washed  com- 
pound is  then  dried  over  sulphuric  acid  in  vacuo  and  weighed. 

The  following  tables  will  g^ve  an  idea  of  the  scale  upon 'which  I 
have  operated,  and  will  also  show  how  the  weight  of  mercury  salt 
obtained  is  proportional  to  the  amount  of  reduction  exerted  by  the 
specimens  examined : — 

Table  I. 


> 

• 

1 

No.  of  men 
contributing. 

Volume  of 
urine. 

Specific  graritj 
at  1^  0. 

Picric  acid 

reduction 

expressed  as 

glucose. 

Reaction  to 
litmus. 

4 v.. 

c.c. 
6,600 

1-021 

gr.  per  fluid  oz. 
0-6 

Feeblj  acid 

3 

1,600 

1023 

0-66 

Neutral 

3 

900 

1023 

0*87 

Feebly  acid 

4 

1,200 

1018 

0-76 

Feebly  acid 

2 

1,100 

1023 

0-75 

Acid 

2 

1,000 

1027 

0-88 

Feeblj  acid 

2 

790 

1-026 

0-87 

Acid 

3 

1,100 

1023 

0-87 

Acid 

8 

760 

1031 

1-00 

Acid 

1 

900 

1031 

1  00 

Acid 

1 

1,000 

1026 

0-85 

Acid 

1 , 

2,000 

1026 

0-86 

Acid 

1 

1,300 

1-027 

0-90 

Acid 

Many 

15,400 

1017 

0-62 

Add 
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Volume  of 
urine  in  c.c. 

Specific 

gravity  at 

16^  C. 

Picric  acid 

reduced 
(as  glucoae) . 

Reaction 
to  litmus. 

Vol.  of  sat. 
HgCl,  added. 

Vol.  of  sat. 
NaAe 
added. 

c.c. 
1,690 

1-017 

gr.  p.  fluid  oz. 
0-7 

Acid 

c.c. 
430 

c.c. 
60 

1,350 

1-025 

0-85 

Acid 

400 

50 

2,180 

1022 

0  75 

.    Acid 

600 

100 

1,755 

1-025 

1-2 

F.acid 

450 

60 

1,150 

1022 

0*9 

Acid 

320 

60 

1,560 

1-025 

0-9 

Acid 

400 

50 

1,730 

1-026 

0-85 

Acid 

450 

50 

1,430 

1022 

1-0 

Acid 

375 

45 

1,910 

1-020 

0-9 

Acid 

500 

70 

1,420 

1-016 

0-7 

F.acid 

410 

50 

1,OOU 

1020 

0-85 

Acid 

300 

40 

1,380 

1*020 

0-8 

Acid 

350 

50 

1,000 

1-025 

11 

Acid 

300 

40 

1,715 

1025 

10 

Acid 

450 

70 

1,760 

1-025 

1-0 

Acid 

500 

80 

1,410 

1018 

0-75 

Acid 

400 

60 

1,785 

1024 

0-7 

Acid 

500 

70 

i,ono 

1022 

0-8 

Acid 

300 

50 

1,140 

1019 

10 

Acid 

310 

50 

1,585 

1022 

1-0 

F.acid 

500 

70 

1,495 

1022 

0-85 

Acid 

500 

70 

1,500 

1-026 

0-75 

Acid 

500 

70 

1,410 

1025 

1-0 

Acid 

500 

70 

1,950 

1-020 

0-7 

Acid 

800 

100 

770 

1025 

10 

Acid 

3C0 

40 

2,000 

1019 

0-9 

Acid 

800 

100 

1,600 

1-020 

0-8 

Acid 

700 

100 

40,625 

•  • 

•  • 

•  • 

12,345 

1,725 

^^^ 
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The  total  volame  operated  on  (Table  I)  was  thus  34,640  c.c.  The 
mean  specific  gravity  was  1*020,  and  the  mean  rednctionof  picric  acid 
(expressed  in  terms  of  glacose)  was  equivalent  to  0*67  grain  of  glacose 
per  fluid  ounce. 

The  spherical  mercury  salt  obtained  from  the  above  urine,  after 
being  washed  with  cold  water  and  dried  in  vacuo  over  sulphuric  acid, 
weighed  198  grams.  This  is  at  the  rate  of  5*7  gprams  of  the  spherical 
compound  to  each  litre  of  urine. 

The  mean  specific  gravity  at  16^  C.  of  the  above  samples  (Table  II) 
of  normal  human  urine  is  1*022,  and  the  mean  reduction  of  picric 
acid  is  equivalent  to  that  which  would  be  effected  by  a  solution  con- 
taining 0  86  grain  of  glucose  per  fluid  ounce. 

The  washed  and  dried  spherical  mercury  salt  from  the  above 
40,625  c.c.  of  normal  urine  weighed  293*13  grams,  which  is  equivalent 
to  7*19  grams  per  1  litre  of  urine. 

It  is  apparent  from  the  above  tables  that  the  weight  of  mercury 
fialt  obtained  from  an  equal  volume  of  urine  is  proportional  to  the 
amount  of  reduction  effected  by  the  secretion,  and  that  both  have  a 
tendency  to  increase  with  the  specific  gravity  of  the  latter. 

The  following  observations  made  upon  my  own  urine  during  the 
past  winter,  illustrate  some  interesting  points  in  connexion  with  the 
precipitation  of  normal  urine  by  mercuric  chloride : — 

My  weight  at  the  time  of  the  experiment  was  70*08  kilos.  I  was  in 
good  health,  in  active  work  both  mental  and  bodily,  and  consuming  an 
ordinary  mixed  diet.  All  the  samples  had  the  normal  acid  reaction  to 
litmus,  and  were  free  from  albumen  and  sugar. 

The  total  urine  of  each  twenty -four  hours,  having  been  measured, 
was  mixed  with  a  cold  saturated  solution  of  sodic  acetate,  and  then 
precipitated  with  one-fourth  of  its  volume  of  cold  saturated  solution 
f>f  meixjuric  chloride.  Both  first  and  second  precipitates  were  collected 
on  filters  previously  counterpoised,  washed  with  cold  water,  dried  in 
vacuo  over  H2SO4,  and  weighed. 

The  total   volume   of   urine   during  the   six   days   amounted    to 
8030  c.c. 

Average  per  24  hours 1488  c.c. 

Maximum  in        „       ....».,.      1790   „ 
Minimum  in         ,,       1230   „ 
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December  29  to  30 

„         30to31 

„         81  to  January  1 
tTanTiarr  lto2.......ttt- 

Volume  of 
urine. 

Weight  of 
Ist  Hg.  ppt. 

Weiffht  of 
2nd  Hg.  ppt. 

cc. 
1790 
1360 
1575 
1230 
1700 
1275 

grams. 
5-355 
9-238 
7-300 
6-715 
4-985 
7-735 

grams. 
9-076 
9-980 
8-758 
8-176 
8-982 
7-955 

2  to  8 

.    •    4  to  5 

If                -m    WW    V.  ••••••».•• 

Six  days •  •  •  • 

8930 

41-828 

6a -827 

Honce  it  appears  that  tbe  mercury  salt  of  the  reducing  base  ia  far 
more  constant  in  quantity  than  the  amorphous  mercury-compounds 
first  precipitated.  Also  in  my  case  the  average  weight  of  hreatinin 
passed  in  twenty-four  hours  amounted  to  1*77  grams,  or  25/1000000 
of  the  body- weight. 

Analysis  of  the  Spherical  Mercury  Salt  from  Urine, 

As  precipitated  from  urine,  the  spherical  mercury  salt  has  a  fawn 
colour,  due  to  enclosure  of  urinary  colouring- matter.  It  was  there- 
fore deemed  advisable  to  re -precipitate  the  compound  in  order  to  obtain 
it  pure  for  analysis.  With  this  object  in  view,  the  thoroughly  washed 
compound  is  suspended  in  water  and  subjected  to  a  stream  of  hydrogen 
sulphide  antii  completely  decomposed.  The  deep  yellow  filtrate  from 
the  mercuric  salphide  is  digested  for  some  days  with  purified  animal 
charcoal  (which  must  be  quite  free  from  lime  salts),  and  is  then  mixed 
with  solutions  of  sodium  acetate  and  mercuric  chloride.  A  very  pure 
compound  is  obtained,  if  the  decoloarised  solution  is  largely  diluted 
before  adding  the  mercaric  chloride,  in  which  case  any  precipitate 
which  forms  at  once  may  be  separated  by  filtration,  after  which  tho 
filtrate  gradually  deposits  the  pure  spherical  compound  in  a  colourless 
condition.  Having  been  washed  with  cold  water  and  dried  in  vacuu 
over  sulphuric  acid,  the  pure  mercury  salt  was  analysed  with  the 
following  results : — 


By  Combustion  unth  Copper  Oxide, 

(a.)  M920  gram  of  the  Hg  salt  gave  0-3500  gram  of  HgO. 

and  0-3755        „       CO,. 
Equivalent  to  0*01666  g^am  hydrogen, 
and  0*10241    „     carbon. 

Hence  Hg  salt  contains  (  ^^^^^^^  ^'^^  P^' ^^^*- 
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(6.)  1*3302  grains  of  Hg  salt  gave  01522  gram  H^O. 

and  0-4187      „     COj. 
Equivalent  to  0*016811  gram  of  hydrogen, 
and  0*114191         „       carbon. 

Hence   Hg  salt  contains  f  ^^^J^^^^\IJ^  P^^  ^°*- 
*  I  carbon,  8*584  „ 

The  nitrogen  was  estimated  in  this  componnd  and  in  all  the 
analyses  recorded  in  this  research  by  a  modification  of  Damas'  method. 
The  substance  to  be  analysed  is  introduced  in  a  boat  behind  the  copper 
oxide,  instead  of  being  mixed  with  the  latter.  By  this  means  the 
copper  oxide  can  be  ignited  strongly  in  a  stream  of  carbon  dioxide, 
before  adjusting  the  measuring  tube  for  the  nitrogen.  Residual 
carbon  left  in  the  boat  at  the  end  of  the  combustion  is  burnt  off  by 
oxygen  generated  by  heating  potassium  chlorate  in  a  second  boat 
placed  behind  that  which  contains  the  substance  to  be  analysed. 

The  following  results  were  obtained : — 

(a.)  0*7728  gram  of  Hg  salt  gave  44*83  c.c.  of  nitrogen,  measured 
at  0**  0.  and  760  mm.  P.,  equivalent  to  00560385  gram  of  N. 
Hence  the  Hg  salt  contains  7*25  per  cent,  nitrogen. 
(6.)  0*6228  gram  Hg  salt  gave  36*29  c.c.  of  nitrogen,  measured  at 

0**  C.  and  760  mm.,  equivalent  to  0*0453625  gram  of  N. 
Hence  the  Hg  salt  contains  7*28  per  cent,  of  N. 

The  mercury  was  determined  in  two  ways :  Ist,  by  dissolving  the 
Hg  salt  in  HCl  and  precipitating  the  solution  by  HoS ;  and  2ndly, 
by  suspending  the  Hg  salt  in  water  and  decomposing  by  HoS.  The 
close  concordance  between  the  results  proves  how  very  completely  tlie 
mercury  salt  may  be  decomposed  by  hydrogen  sulphide  under  water. 

(a.)  1*0882  gram  of  Hg  salt  dissolved  in  boiling  HCl  gave  by  pre- 
cipitation  with   HjS   0*7868  gram   of  HgS,  equivalent  to 
0*67827  gram  of  metallic  mercury. 
Hence  the  salt  contains  62*33  per  cent,  of  Hg. 
(t.)  0*8232  gi'am  of  Hg  salt,  suspended  in  water  and  decomposed 
by  HgS,  gave  0*5996  gram  HgS,  equivalent  to  0*5169  gram 
of  mercury. 
•  Hence  the  salt  contains  62*79  per  cent,  of  Hg. 

The  chlorine  was  determined  (1)  by  decomposing  the  Hg  salt  under 
water  with  HgS  and  precipitating  the  filtrate  with  AgNO,, ;  (2)  by 
igniting  the  Hg  salt  with  pure  sodium  carbonate,  dissolving  in  water, 
acidulating  with  HNOj^,  and  precipitating  with  AgNOs-  The  follow- 
ing results  were  obtained : — 

(a.)  0*8070  gram  of  the  Hg  salt  gave  0*5226  gram  of  silver  chloride, 
equivalent  to  0*1285  gram  of  chlorine,  or  15*92  per  cent, 
of  CI. 
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(6.)  0*8232  gram  of  Hg  salt  gave  0*5356  gram  of  AgCl,  equivalent 
to  0*1325  gram  of  chlorine. 
The  salt  therefore  contains  16-09  per  cent,  of  chlorine. 

The  empirical  formula  derived  fron^the  res  alts  of  these  analyses  is 

CieHsgNigOgHg^Clio. 

The  simplest  rational  formula  is  4(C^H5HgN30-HCl)'3HgCla-2H30. 

Theory- 
Carbon 8-575 


Hydrogen . .  •  1*251 

Nitrogen ....  7-503 

Oxygen 4*288 

Mercury  ....  62-528 

Chlorine ....  15*855 


• . .  • 


•  •  • . 


... 


•  • . 


100*000 


Found. 

8-;>88 

< 

8-592 
8*584 

1-325 

{ 

1-39 
1-26 

7-275 

{ 

7*26 
7-28 

4-247 

(By  difference). 

62-560 

{ 

62-79 
62-33 

16-005 

• 

* 

1609 
15-92 

100*000 


The  apparent  molecalar  weight  of  the  mercury  salt  (confirmed 
subsequently)  is  2239,  and  it  contains  20*19  per  cent,  of  the  base 
C4H7N3O. 

The  crude  spherical  mercnry  salt,  as  obtained  directly  from  urine, 
yielded  on  combustion — 

Carbon,      8*46  per  cent. 
Hydrogen,  1*17      „ 

PreparcUion  and  Properties  of  the  Hydrochloride  of  the  Redticing  Base 

of  Urine» 

In  order  to  prepare  the  hydrochloride  of  the  reducing  base  of  urine, 
the  crude  spherical  mercury  salt  is  suspended  in  water  and  completely 
decomposed  by  hydrogen  sulphide.  The  deep  yellow  acid  filtrate 
from  the  resultiug  mercnric  snlphide  is  then  decolourised  as  completely 
as  possible  by  very  pure  animal  charcoal,  and  the  nearly  colourless 
filtrate  from  the  charcoal  is  left  to  evaporate  spontaneously  in  vacuo 
over  sulphuric  acid.  Large  well-formed  prisms  with  pyramidal  apices 
separate  out,  which  only  need  washing  with  a  little  strong  alcohol  to 
separate  a  small  quantity  of  dark  tarry  matter,  which  usually  adheres 
to  the  bottom  of  the  vessel.     They  need  no  re-crystallisation. 

This  ready  crystallisation  of  the  hydrochloride  of  the  reducing  base 
is  doubtless  due  to  the  great  purity  of  the  mercury  salt  which  is 
attained  by  separating  the  amorphous  compounds  first  precipitated 
from  the  urine  by  mercuric  chloride  by  immediate  filtration. 

I  have  worked  Maly's  process  (vide  supra)  exactly  as  he  directs, 
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ftnd  foupd  that,  notwitbBtanding  the  preliminarj  precipitation  pf  the 
concentrated  urine  with  lead  acetate,  a  tany  mass  is  obtained  after 
the  HgS- treatment  of  the  mercnrj  precipitate,  which  stands  mnch  iu 
need  of  the  re-crjstallisatioiv  from  alcohol  recommended  by  Maly, 
before  it  will  yield  distinct  crystals.  If,  however,  the  precipitate  first 
formed  by  mercuric  chloride  in  Maly's  process  be  separated  bj  imme- 
diate filtration,  and  ooly  the  precipitate  produced  in  the  filtrate  on 
standing  be  decomposed  by  H^S,  all  goes  smoothly  and  well.  The 
preliminary  precipitation  by  lead  acetate  and  the  artificial  concentra- 
tion of  the  urine  are  quite  useless. 

The  crystals  of  the  hydrochloride  of  the  reducing  base  of  nrine, 
obtained  as  above,  are  quite  permanent  in  the  air,  and  their  weight  is 
unaltered  by  exposure  to  a  temperature  of  100^  C. 

0'3708  gram  of  the  crystals  (not  re-crystallised)  gave  0*3512  gram 
of  silver  chloride,  equivalent  to  0*086881  gram  of  chlorine,  or 
23*43  per  cent.  CI. 

The  formula  C^HyNgO-HCl  requires  23*74  per  cent.  CI. 

The  crystals  are  excessively  soluble  in  water,  and  also  to  a  great 
extent  in  alcohol. 

Mixed  in  aqueous  solution  with  mercnrio  chloride,  there  is  no  pre- 
cipitate, but  on  adding  solution  of  sodium  acetate,  the  spherical 
mercury  salt  separates  out. 

Mixed  in  aqueous  solution  with  mercuric  chloride  and  potassium 
hydrate,  there  is  first  a  whitish  precipitate,  which  dissolves  in  excess 
of  the  potassium  hydrate,  but  the  solution  becomes  turbid  again  after 
a  few  seconds  with  formation  of  a  yellowish  precipitate,  which  imme- 
diately afterwards  becomes  black  by  spontaneous  reduction. 

Mixed  in  aqueous  solution  with  Nesslor  reagent,  a  bright  yellow 
precipitate  separates  out,  which  rapidly  becomes  black  by  spontaneous 
reduction,  a  compound  ammonia  being  evolved  at  the  same  time. 

When  an  alcoholic  solution  of  the  hydrochloride  of  the  reducing 
base  of  urine  is  mixed  with  excess  of  an  alcoholic  solution  of  platinic 
chloride,  a  yellow  crystalline  platinum  salt  is  immediately  precipitated. 
These  crystals  appear  dendritic  under  the  microscope.  They  are 
anhydrous,  and  permanent  in  the  air. 

When  dissolved  in  water,  and  spontaneously  evaporated,  a  fine 
orange- coloured  prismatic  platinum  salt  is  formed,  which  loses  water 
at  100°  C,  becoming  opaque  and  of  a  lemon-yellow  tint  The  same 
orange-coloured  prisms  are  obtained  by  spontaneous  evaporation  of  a 
mixture  of  the  hydrochloride  of  the  reducing  base  with  platinic 
chloride  in  aqueous  solution. 

The  determination  of  the  water  of  crystallisation  in  these;  orange- 
coloured  prisms  shows  that  they  contain  (on  the  average)  5*32  per 
cent.  otH^O. 
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Thus  0*4960  gram  of  Pfc  salt,  crystallised  from  aqueous  solution 

'and  air-dried,  lost  0*0260  gram  at  100**  C,  equivalent  to  5*24  per 

cent. 
5*1396  grams  of  Pt  salt,  prepared  as  above,  lost  0*2706  gram  at 

100°  C,  corresponding  with  5*27  per  cent. 
0*8332  g^am  of  Pt  salt,  re-crystallised  from  aqueous  solution  and 

air-dried,  lost  0*0454  gram  at  100**  C,  corresponding  with  6*44 

per  cent. 

The  anhydrous  platinum  salt  of  the  reducing  hose  was  submitted  to 
analysis  with  the  following  results : — 

0*4866  gram  of  platinum  salt  gave  0*1188  gram  of  water,  equivalent 

to  0*0132  gram  of  hydrogen,  or  2*71  per  cent,  of  H,  and 
0'268<3   gram  of   CO^,  equivalent  to  0*0736  gram  of   carbon,  or 

15*12  per  cent,  carbon,  and  left 
0*1514  gram  of   platinam,   corresponding  with    31*11   per  cent. 

of  Pt. 
0*4172  gram  of  Pt  salt  gave  0*1060  gram  of  water,  equivalent  to 

0*01177  gram  of  hydrogen,  or  2*82  per  cent.,  and 
0*2336  gram  of  COg,  equivalent  to  006371  gram  of  carbon,  or  15*27 

per  cent,  of  C. 

The  chlorine  was  determined  by  mixing  the  platinum  salt  with  pure 
caustic  lime,  igniting,  dissolving  in  diluted  nitric  acid,  filtering  from 
the  spongy  platinum  (which  is  weighed),  and  precipitating  the 
chlorino  in  the  filtrate  as  AgCl. 

0*6535  gram  of  Pt  salt  gave  0*7460  gram  of  AgCl,  equivalent  to 

0*1845  gram  of  chlorine,  corresponding  with  33*333  per  cent.  CI, 

and  left 
0*1715   gram  of  platinum,   corresponding  with  30*984  per  cent. 

of  Pt. 
0*6430  gram  of  Pt  salt  gave  68  c.c.  of  nitrogen,  measured  at  0**  C. 

and  760  mm.,  equivalent  to  0*072  gram  of  nitrogen,  or  13'25  per 

cent. 
0*3060  gram  of  platinum  salt  gave  32*85  c.c.  of  nitrogen,  measured 

at  0°  C.  and  760  mm.,  equivalent  to  0*04106  gram  of  nitrogen,  or 

13*41  per  cent. 

These  results  agree  well  with  the  formula  2{C4H7N80.HCl}.PtCl4. 

Required.  Found. 

Carbon 15047     ....      15*190  |   J^.^^ 

Hydrogen . . .       2*507     ....       2*760  |     ^g^ 

Nitrogen ....     13166    ....     13*330  {    J^l^J 
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Beqaired*  Found. 

Oxygen 5017    •  • . •       4*340  (By difference) 

Platinum  . .  .     30878    ....     31047  {  ^'. JJ^ 

Chlorine  ....     33*385     ....     33*333 


100*000  100*000 

The  above  being  the  formnla  of  the  anhydrous  platinum  salt  of  the 
reducing  base  of  urine,  it  appears  that  the  formula  of  the  orange- 
coloured  prisms  obtained  by  spontaneous  evaporation  of  the  aqueous 
solution,  is  2(C^H7N30.HCl).PtCl4.2H20.  This  formula  requires 
5*34  per  cent,  of  water  of  ciystallisation,  whilst  the  mean  of  the  three 
determinations  given  above  indicates  the  presence  of  5*32  per  cent. 

Prtiparation  and  Properties  of  the  Reducing  Base — Kreatinin  of  Urine, 

The  reducing  base  or  kreatinin  of  urine  is  obtained  in  the  free  state 
by  treating  the  concentrated  aqueons  solution  of  its  hydrochloride 
(prepared  as  above  from  the  spherical  mercury  salt)  with  excess  of 
very  pure  hydrated  lead  oxide  at  the  ordinary  temperature. 

The  crystallised  hydrochloride  should  be  dissolved  in  abont  fifteeu 
times  its  weight  of  cold  water,  and  an  excess  of  perfectly  pure  recently 
precipitated  lead  hydrate  added  to  the  solution,  which  should  be  kept 
stirred  conRtantly  for  about  twenty  minutes  at  the  ordinary  tempera- 
ture. After  the  liquid  has  acquired  a  strongly  alkaline  reaction,  it 
will  be  found  to  filter  clear  through  paper.  The  filtrate  is  perfectly 
free  from  chlorine  and  colouring  matter,  and  yields  the  urinary 
kreatinin  on  spontaneous  evaporation  in  vacuo  over  sulphuric  acid  in 
the  crystalline  condition.  It  is  better  not  to  dilute  the  filtrate  by 
adding  the  washings  from  the  lead  oxychloride  to  it,  but  these  may 
be  evaporated  separately  by  heat.* 

The  same  sample  of  the  spherical  mercury  salt  of  the  nrinary 
kreatinin  may  be  made  to  yield  three  different  substances  according 
to  the  treatment  adopted  in  the  separation  of  the  kreatinin  from  it. 
The  following  details  of  an  expei-iment  conducted  upon  the  large 
scale  will  best  exemplify  this  statement. 

260  grams  of  the  spherical  mercury  salt  of  the  urinary  kreatinin 

*  The  lead  hjdrato  employed  for  liberating  the  reducing  kreatinin  of  nrine  firom 
its  hydrochloride  must  be  free  from  boHc  lead  nitrate.  When  this  compound  is 
present,  the  alkaline  filtrate,  though  free  from  chlorine,  is  found  to  hold  in  solution 
both  lead  and  the  radicle  of  nitric  acid  (  moreover,  the  load  cannot  be  removed  from 
solution  by  animal  charcoal,  eyen  at  the  boiling  temperature,  but  must  be  separated 
by  hydrogen  sulphide,  after  which  the  filtrate  from  the  lead  sulphide  exhibits  an 
acid  reaction,  nnd  deposits  crystals  of  kreatinin  nitrate  on  evaporation. 

I  have  found  it  best  to  employ  lead  hydrate  precipitated  from  the  acetat$  by 
ammoaia. 
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was  decomposed  bj  hydrogen  snlphide  in  presence  of  water,  special 
care  being  taken  to  avoid  too  great  a  rise  of  temperature  by  constant 
agitation  in  a  closed  bottle  daring  the  action  of  the  gas  npon  the 
precipitate. 

After  the  action  was  complete  the  solntion  was  set  aside  for  three 
days  in  a  tall  glass  cylinder,  to  allow  the  mercnric  snlphide  to 
settle.  As  much  as  possible  of  the  clear  and  supernatant  liquor 
was  then  decanted  off  from  the  precipitate,  and  set  to  evaporate  in 
vacuo  over  sulphuric  acid.  Hard  anhydrous  crystals  of  kreatinin 
hydrochloride  resulted.  After  being  washed  with  a  little  cold  alcohol, 
these  crystals  were  dissolved  in  about  fifteen  times  their  weight  of 
cold  water,  the  solution  was  well  stirred  with  pure  lead  hydrate, 
and  filtered.  The  filtrate  when  evaporated  in  vacuo  over  sulphuric 
acid,  deposited  needle-shaped  crystals  of  a  base  for  which  I  propose 
the  name  of  efflorescent  kreatinin,  whose  properties  and  composition 
will  be  described  shortly.  This  efflorescent  kreatinin,  being  obtained 
from  the  spherical  mercury  salt  of  urine  as  far  as  possible  without 
any  application  of  heat,  I  believe  to  be  the  true  natural  kreatinin  of 
urine. 

The  washings  from  the  lead  oxy chloride,  &c.,  after  the  above  treat- 
ment were  evaporated  at  60^  C.  on  a  copper  plate  kept  hot  by  steam. 
A  number  of  anhydrous  square  tables  were  obtained  on  cooling;  which 
when  dissolved  in  cold  water  yielded  an  alkaline  solution  which 
deposited  efflorescent  kreatinin  on  evaporation  in  vacuo  over  sulphuric 
acid. 

The  third  substance  is  obtained  as  follows : — 

The  washings  from  the  mercuric  sulphide  in  the  above  experiment 
were  concentrated  over  steam.  The  concentrated  liquor  was  diluted, 
decolourised  by  animal  charcoal,  and  filtered.  The  filtrate  was  again 
concentrated  over  steam,  and  finally  evaporated  in  vacuo  over  sul- 
phuric acid.  The  resulting  cryst^als  of  kreatinin  hydrochloride  did 
not  differ  in  outward  appearance  from  those  obtained  from  the  soln- 
tion  to  which  no  heat  had  been  applied ;  but,  when  decomposed  by 
pure  lead  hydrate  after  solntion  in  fifteen  parts  of  cold  water — in 
short,  under  conditions  as  nearly  as  possible  identical  with  those 
present  in  the  case  of  the  hydrochloride  crystallised  from  cold 
aqueoQS  solution — instead  of  efflorescent  kreatinin,  anhydrous  square 
or  oblong  tabular  crystals  are  obtained,  similar  in  form  to  the  tabular 
crystals  resulting  from  the  evaporation  of  an  aqueous  solntion  of  the 
efflorescent  kreatinin  of  urine  at  60°  C,  but  more  transparent  than 
the  latter,  and  differing  from  them  in  that  their  cold  aqueous  solntion 
deposits  anhydrous  tabular  crystals  again  on  spontaneous  evaporation, 
instead  of  efflorescent  crystals. 

This  tabular  anhydrous  kreatinin,  which  re-crystallises  unaltered 
from  its  cold  aqueous  solution  on  evaporation  in  vacuo  over  sulphuric 
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acid,  I  shall  speak  of  in  this  paper  as  ttibtdar  kretUimn  m  ^f  uiine^ 
whilst  the  tabular  crystals  which  yield  eflSorescent  krea&in  under 
«imi]ar  treatment  will  be  alluded  to  as  tabular  hreaiinin  fi  of  urine^ 
the  term  efflorescent  kreatintn  being  reserved  for  the  natural  base. 

It  will  be  apparent  from  the  followiTig  details  of  experiments  that 
these  three  varieties  of  urinary  kreatinin  are  oonvertible  into  cme 
another  at  the  will  of  the  operator. 

Suppose  we*  start  with  efflorescent  krefUinin,  This  snbstanoe  crys- 
tallises in  splendid  transparent  square  prisms,  often  upwards  of  an 
inch  in  length,  which,  however,  begin  to  lose  their  transparency 
when  freed  from  extraneous  moistnre  within  half  an  hour  in  snmmer 
weather,  and  very  rapidly  even  in  winter  upon  mere  exposure  to 
common  air.  After  complete  efflorescence  the  crystals  retain  their 
original  form  without  any  tendency  to  crumble,  and  then  resemble 
porcelain  in  appearance. 

Now  if  these  effloresced  crystals  are  re-dissolved  in  the  smaHest 
possible  quantity  of  cold  water^  the  solution  deposits  efflorescent 
kreatinin  again  on  evaporation  in  vacuo  over  sulphuric  acid. 

But  if  the  effloresced  kreatinin  be  dissolved  in  water  at  60**  C,  and 
the  evaporation  be  continued  at  that  temperature  till  the  crystallising 
point  is  reached,  the  crystals  deposited  on  cooling  are  tabular  Jfreatimm 
/9  of  tMrine,  anhydrous  crystals,  which  yield  efflorescent  kreatinin  on 
spontaneous  evaporation  of  their  cold  aqneous  solution  over  sulphuric 
acid.  And  if  the  effloresced  kreatinin  be  dissolved  in  water  at 
100°  C,  the  solution,  evaporated  in  vacuo  over  sulphuric  acid  (in  case 
the  water  preRent  is  in  sufficient  quantity  to  hold  all  the  kreatinin 
in  solution  at  the  ordinary  temperature),  deposits  crystals  of  tabular 
kreatinin  a  of  urines  which  re-crystallises  unchanged  from  cold  aqueous 
solution. 

Again,  if  tabular  kreatinin  «  of  urine  be  dissolved  in  a  larger 
volume  ol  water  at  60°  C.  than  is  necessary  to  hold  it  in  solution  at 
the  ordinary  temperature,  and  if  the  solution  be  kept  at  60®  C.  for 
one  hour,  then  allowed  to  cool  and  evaporated  in  vacuo  over  sulphuric 
acid,  efflorescent  kreatinin  crystallises  out. 

Analysis  of  Urinary  Kreatinin, 

The  determination  of  the  water  of  crystallisation  in  the  efflorescent 
kreatinin  is  not  easy,  on  account  of  the  rapidity  of  the  efflorescence 
when  the  crystals  are  quite  free  from  extraneous  moisture. 

The  results  of  analysis,  however,  prove  that  the  composition  of  the 
crystals  is  repredented  by  the  formula  C4H7NJO.2H3O. 

The  n)ean  of  the  two  determinations  gives  23*87  per  oent.  HgO, 
whilst  the  formula  C^H7N30.2H30  requires  24*17  per  cent. 
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Weight  of 

pfflorescent 

kreatinin  taken. 

LoM  of  weight 
at  100°  C. 

Loss  per  cent. 

Bequiredfor 
04UrN.0.2H,0. 

gram. 
0-8195 
0*4230 

0  0770 
0  1000 

24  10 
23-64 

24-17 
24-17 

When  a  weighed  qaantity  of  the  effloresced  kreatinin  of  nrine  is 
dissolved  in  boiling  water,  and  the  solution  evaporated  to  dryness  in 
rckmo  over  salphnric  aoid,  the  weight  of  tabular  kreatinin  a  obtained 
is  identical  with  that  of  the  effloresced  kreatinin  taken. 

This  fact  indicates  that  the  percentage  composition  of  the  two 
bodies  is  identical ;  a  view  which  is  fnlly  supported  by  the  results  of 
their  ultimate  analysis. 


Description  of 
sabstanoe. 

Weight  of 
substance 
in  grams. 

Weight  of 

hjdrof^en 

found. 

Weight  of 
carbon 
found. 

Kin 

100 
parts. 

Cin 

100 

parts. 

Tabular  kreatinin  a 
of  urine.  •■•••••  . 

0  -3170 

0-02016 

•  • 

6-35 

•  • 

Tabular  kreatinin  a 
of  urine 

0-2080 

•  ■ 

0-088086 

•  • 

42-82 

Effloresced        krea- 
tinin of  urine. . .  • 

0*8968 

0  0260 

0  16541 

6-55 

41*68 

Description  of  substance. 

Weight  of 
substance 
in  grams. 

Vol.  of 

nitrogen  at 

0°C.  and 

760  mm. 

Weight  of 
nitrogen 
in  grams. 

Nin 

100 

parts. 

Tabular  kreatinin  a  of  urine 

0  1754 

CO. 

52-64     • 

0  066032 

37-64 

KfRoresced  kreatinin  of  urine 

01540 

45-78 

0-05736 

87*24 

The  following  table  shows  that  these  results  agree  well  with  the 
formula  C^H^NjO  : — 


Found  in 
tabular  K. 

Carbon 42  32 

Hydrogen 6*35 

Nitrogen 3764 


Found  in 
effloresced  K. 

41*68 

6*55 

37*24 


• .  •  • 


Oxygen  (difference)  13*69     ....  (difference)  14*53 


Bequired  for 
C4ll7N,0. 

42*478 

6194 

37168 

14160 


100*00 


10000 


10000 
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Supported  by  the  analyses  of  mercuiy  and  platinum  salts,  and  of 
the  hydrochloride,  these  analyses  leave  no  doubt  that  the  empirical 
formula  of  the  reducing  base  of  urine  is  G4H7N3O. 

Oold  SaU  of  the  Kreatinin  of  Urine, 

Both  the  tabular  kreatinin  a  of  urine  and  the  efflorescent  kreatinin 
of  urine,  when  dissolved  in  dilute  hydrochloric  acid  and  mixed  with 
a  concentrated  aqueous  solution  of  auric  chloride,  yield  large  thin 
plates  of  kreatinin-auric  chloride.  This  salt  is  remarkably  stable. 
The  crystals  are  permaoent  in  the  air,  possess  a  brilliant  golden- 
yellow  lustre,  and  undergo  no  change  at  100°  C,  except  a  temporary, 
darkening  of  colour,  which-  disappears  again  on  cooling. 

The  analysis  of  this  salt  confirms  the  view  that  the  molecular 
weight  of  the  reducing  kreatinin  of  urine  is  113. 

Analysis  of  Gold  Salt  of  the  Efflorescent  Kreatinin  of  Urine. 


Weight  of 
kreatintn-auric 
chloride  taken 

in  grams. 

Weijrhtof 
gold  found. 

Weight  of 

chlorine 

found. 

Weight  of 

gold  in  100 

parts. 

Weight  of  a 
in  100  parts. 

0-2670 

0  1165 

0  08324 

43-68 

81-17 

) 

These  results  agree  with  the  formula  C4H7N3O.HCI.AUCI3. 


Au 
CI 


Found.  Theory. 

43C3     43-43 

31-17     31-37 


Determination  of  the  Solubility  in  Water  of  the  Efflorescent  Kreatinin  and 

of  Tabular  Kreatinin  »  of  Urine. 

Some  solution  of  efflorescent  kreatinin  of  urine,  which  was  deposit- 
ing crystals  over  sulphuric  acid  at  14**  C,  was  poured  off  from  these 
crystals  into  a  tared  dish,  weighed,  and  evaporated  to  dryness  in  vacuo 
over  sulphuric  acid. 

The  residue  was  further  dried  at  100°  C.  and  then  weighed. 

4*934  grams  of  ihe  aqueous  solution  saturated  at  14°  C.  left  a 
residue  (effloresced  K.)  which  dried  at  100**  C.  weighed  0*329  gram. 

Therefore  4*605  grams  of  water  at  14°  C.  held  in  solution  0*329 
gi-am  of  effloresced  kreatinin,  corresponding  with  0*4338  gram  of 
efflorescent  kreatinin  (C4H7N3O.2H2O). 

Hence  the  efflorescent  kreatinin  (C4H7Ng0.2H20)  requires  10*6  times 
its  weight  of  water  at  14°  C  ior  com^\^V.^  ^Qlvxtion, 
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And  the  effloresced  kreatinin  (C4H7N3O)  requires  14  times  its 
weight  of  water  for  complete  solution  at  14^  G. 

A  very  pure  specimen  of  the  tabular  kreatinin  a  of  urine  was 
dissolved  to  saturation  in  water  kept  at  40°  C.  The  saturated  solu- 
tion was  then  kept  at  17**  C.  for  12  hours.  Crystals  separated 
out. 

3*9828  grams  of  the  resulting  solution  satarated  at  17*"  C.  was 
evaporated  to  dryness  in  vacuo  over  salphuric  acid.  The  residue 
weighed  0*3376  gram.  Therefore  3*6452  grams  of  water  at  17**  C. 
held  in  solution  0*3376  gram  of  the  tabular  kreatinin,  or  1  gram  of 
tabnlar  kreatinin  »  of  urine  is  soluble  in  10*78  grams  of  water  at 
17**  C. 

Allowing  for  the  different  temperatures,  it  appears,  therefore,  that 
the  solubility  iu  water  of  the  efflorescent  kreatinin  (C4H7N3O.2H9O) 
before  efflorescence  is  practically  identical  with  that  of  the  tabular 
kreatinin  a,  of  urine  (C4H7N3O). 

The  solubility  of  kreatinin  prepared  from  the  kreatin  of  flesh  is 
given  by  Liebig  as  1  part  in  11*5  parts  of  water  at  16^  C. 

Solubility  of  Tabular  Kreatinin  »  of  Urine  in  Alcohol, 

A  fine  specimen  of  the  tabular  kreatinin  a  was  digested  with  alcohol 
of  specific  gravity  0*795  at  its  boiling  point  in  a  contiuuous  extraction 
apparatus  for  some  hours.  The  hot  alcoholic  solution  deposited  a 
number  of  dendritic  crystals  on  cooling.  The  solutiou  was  left  at  the 
prdiuary  temperature  for  20  hours  in  a  well-corked  bottle.  10  c.c. 
of  the  solutiou,  whose  temperature  was  17*  C,  was  then  drawn  off  in 
a  pipette  and  evaporated  to  dryness  over  steam.  The  residue  weighed 
0*0220  gram.  A  second  10  c.c.  left  a  residue  weighing  0*0216  gram. 
7*95  grams  of  absolute  alcohol  at  17**  C.  therefore  dissolved  0*022 
gram  of  the  tabular  kreatinin. 

Therefoi*e  1  part  by  weight  of  the  kreatinin  dissolves  in  362  parts 
by  weight  of  absolute  alcohol  at  17°  C. 

The  solubility  of  kreatinin  prepared  from  the  kreatin  of  flesh  is 
given  by  Liebig  as  1  part  in  102  parts  of  absolute  alcohol  at  16°  C. 

Determination  of  the  Weight  of  Cupric  Oxide  reduced  by  Efflorescent 
Kreatinin  of  Urine  and  by  Tabular  Kreatinin  a  of  Urine  in  Boiling 
Alkaline  Solutions, 

My  object  in  making  these  determinations  being  to  ascertain  how 
much  of  the  reducing  action  of  normal  urine  is  to  be  ascribed  to  the 
kreatinin  which  is  preseut  in  that  secretion,  1  employed  the  same 
method  therein  as  in  estimating  the  cupric  oxide  reduction  effected 
by  the  urine  itself,  viz.,  Pavy's  ammoniacal  cupric  method. 

11*2  c.c.  of  a  solution  of  the  efflorescent  kreatinin  of  urine,  containing 
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0'1346  gram  of  the  anhydrous  base  (C4K7N^O)  in  60  o.c.  were  reqniiwd 
for  the  complete  i*eduction  of  40  c.c.  of  Pavy's  ammoniacal  onprio 
Bolntion. 

Now  40  CO.  of  Payj's  solution  =  0*02  gram  of  glnoose. 

And  11*2  c.c.  of  the  kreatinin  solution  contain  0*0251  gram  of 
C^HyNsO. 

Therefore  12'5  grams  of  the  effloresced  kreatinin  are  equivalent  to 
10  grams  of  glucose  in  reducing  action  upon  cupric  oxide. 

Again  0'5  gram  of  the  tabtUar  kreatinin  a  of  urine  was  dissolved  in 
250  c.c.  of  water. 

6  o.c.  of  this  solution  was  required  to  decolourise  20  c.c.  of  Pavj's 
ammoniacal  cupric  solution  (=  0*01  gram  of  glucose).  And  11*9  cxj, 
was  required  for  40  c.c.  of  the  cupric  solution. 

Hence  12  grams  of  the  tabular  kreatinin  'a  of  urine  are  equivalent  to 
10  grams  of  glucose  in  reducing  action  upon  cupric  oxide. 

Now  2CH7N3JO  :  CflHigOg  : :  12  :  95. 

=  226         =  180 

From  which  it  appears  that  2  mols.  of  the  reducing  kreatinin  of 
urine  are  about  equal  to  1  mol.  of  glucose  in  reducing  action  upon 
cupiic  oxide. 

lieduction  of  Cupric  Oxide  by  Kreatinin  from  Kreatin  of  Fleah  prepared 

by  Liebig^s  Method. 

62  lbs.  of  fresh  beef,  treated  by  Liebig*s  process  for  the  extraction 
of  the  kreatin,  gave  Bome  fine  crystals  of  that  substance. 

3'685  grams  of  the  kreatin  obtained  in  this  way  was  converted  into 
kreatinin  hydrochloride  by  the  action  of  dry  hydrogen  chloride  in 
Liebig's  drying  tube. 

The  resulting  hydrochloride  was  dissolved  in  24  parts  of  water  as 
recommended  by  Liebig,  boiled,  and  treated  with  pure  lead  hydrate 
added  a  little  at  a  time.  In  short,  Liebig's  directions  for  preparing 
kreatinin  from  the  kreatin  of  flesh  were  followed  as  exactly  as  possible. 
The  kreatinin  thus  prepared  was  re-crystallised  six  times  from  the 
smallest  possible  quantity  of  cold  water  by  evaporation  in  vacuo  over 
sulphuric  acid. 

Well-formed  anhydrous  tabular  crystals  resulted.  In  order  to  com- 
pare the  cupric  oxide  reduction  of  this  substance  with  that  of  the 
natural  kreatinin  of  urine,  a  solution  was  made  containing  0*1  gram  of 
the  substance  in  100  c.c. 

27'5  c.c.  of  this  solution  decolourised  30  c.c  of  Pavy's  ammoniacal 

cupric  solution  (=  0*015  gram  glucose). 
Hence  180  parts  by  weight  of  glucose  are  equivalent  to  329*94  parts 

by  weight  of  kreatmm. 
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Or  I  mo),  of  glucose  is  equal  to  3  mols.  of  kreatinin  from  kreatin  of 
flesh  in  reducing  action  upon  cuprio  oxide. 

Whereas  1  mol.  of  glucose  is  equal  to  2  mols.  of  the  natural  kreati- 
nin of  urine  in  cupnc  oxide  reducing  power. 

But  the  important  practical  deduction  which  I  draw  from  the  above 
data  is  this — that  the  natural  kreatinin  of  urine  is  responsible  for 
the  bulk  of  the  reducing  action  exerted  by  normal  human  urine,  and 
further  that,  in  my  belief,  the  whole  cuprio  oxide  reduction  effected 
by  that  secretion  may  be  accounted  for  by  uric  acid  and  kreatinin.' 

Taking  1500  c.c.  (=  52*8  fluid  ounces)  as  the  average  volume  of 
urine  passed  by  a  healthy  man  in  the  twenty-four  hours,  and  6  to 
7  grams  per  litre  as  the  average  weight  of  the  spherical  mercury  salt 
of  kreatinin  yielded  by  the  normal  secretion,  then,  as  the  spherical 
mercury  salt  contains  20  per  cent,  of  kreatinin  (C4H7N3O),  the  weijght 
of  anhydrous  kreatinin  passed  in  twenty-four  hours  by  a  healthy  man 
will  vary  between  1'8  and  2*1  grams.  And  as  12  g^*ams  of  the  reducing 
kreatinin  of  urine  are  equivalent  to  10  grams  of  glucose  in  reducing 
action  upon  cupric  oxide,  it  follows  that  the  cupric  oxide  reduction 
effected  by  the  urinary  kreatinin  in  twenty-four  houi  s  is  equivalent 
to  that  which  would  be  produced  by  1*5  to  1-76  grams  of  glucose,  i.e., 
by  from  23  to  27  grains  of  glucose  in  52*8  fluid  ounces  of  urine. 

Accordingly  cupric  oxide  is  reduced  by  the  kreatinin  of  normal 
urine  in  the  same  degree  as  if  the  secretion  contained  from  043  to 
0*51  grain  of  glucose  in  each  fluid  ounce. 

But  the  total  cupric  oxide  reduction  effected  by  normal  human 
urine  is  equivalent  to  from  0*6  to  0*8  grain  of  glucose  per  1  fluid 
ounce,  and  of  this  total  reduction  one- fourth  has  been  shown  by 
Dr.  Pavy  to  be  due  to  uric  acid.  Therefore  the  total  reduction  is 
accounted  for  by  the  conjoined  action  of  the  uric  acid  and  kreatinin. 

I  can  only  attribute  the  liHle  importance  which  has  hitherto  been 
atteched  to  the  reducing  action  of  urinary  kreatinin,  and  the  low 
estimates  which  have  been  made  thereof,  to  the  fact  that  only  one 
substance  having  the  formula  C4H7N3O  has  hitherto  been  recognised 
by  physiological  chemists,  and  that  therefore  the  properties  of  the 
kreatinin  obtained  by  Liebig*s  process  from  kreatin  of  flesh  have  been 
supposed  to  be  identical  with  those  of  the  natural  kreatinin  of  urine, 

1  shall  prove  in  Part  II  of  this  paper  that  the  properties  of  the 
kreatinins  obtained  from  the  kreatin  of  urinary  kreatinin  itself,  by 
treating  it  according  to  Liebig's  direction,  are  in  many  respects 
different  from  those  of  the  natural  base.  It  will  be  sufficient  at 
present  to  emphasise  some  of  the  differences  in  properties  which  I 
have  observed  between  the  natural  kreatinin  of  urine  and  the 
kreatinin  described  by  Liebig. 

Ist.  As  regards  reducing  a^ion, 

1  have  prepared  kreatinin  from  flesh  kreatin  by  Liebig's  process, 
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and  have  found  differences  in  the  reducing  action  giyen  by  the 
products.  But  the  specimen  which  agreed  best  with  the  description 
given  by  Liebig  was  destitute  of  reducing  action. 

Professor  W.  N.  Hartley  has  compared  the  absorption  spectrum  of 
this  specimen  with  that  of  a  specimen  of  tabular  hreoHnin  «  of  urine 
for  me,  and  his  results  are  published  in  an  Appendix  to  this  paper. 

2nd.  The  pUUinum  scdts  differ. 

In  all  the  descriptions  of  "  kreatinin  platinic  chloride  "  that  I  have 
found,  the  salt  is  described  as  anhydrous.  I  have  subjected  the  plati- 
num salt  of  urinary  kreatinin  to  complete  analysis,  and  find  that  it 
contains  2  mols.  of  water  of  crystallisation. 

3rd.  The  solubilities  in  water  and  alcohol  differ. 

The  solubility  in  alcohol  of  kreatinin  (Liebig)  is  1  part  in  102  parts 
of  alcohol  at  16"*  G. 

The  solubility  in  alcohol  of  tahtdar  hreoHnin  a  of  urine  ia  1  part  in 
362  parts  of  alcohol  at  17°  C. 

Kreatinin  (Liebig)  dissolves  in  11*5  parts  of  water  at  16^  C. 

Tabular  kreatinin  a  of  urine  dissolves  in  10' 78  parts  of  water  at 

iro. 

It  appears,  therefore,  that  the  tabular  kreatinin  of  urine  is  slightly 
more  soluble  in  water,  and  vastly  less  soluble  in  alcohol  than  the 
artificial  base  described  by  Liebig. 

I  will  conclude  this  part  of  my  work  by  laying  stress  upon  the 
importance  of  the  precipitation  of  kreatinin  from  urine  as  spherical 
mercury  salt,  not  only  as  a  convenient  method  of  obtaining  the 
natural  base  in  a  state  of  purity,  but  also  as  a  means  of  estimating 
with  accuracy  the  quantity  of  kreatinin  in  a  g^ven  volume  of  the 
secretion ;  and  at  the  same  time  the  amount  of  reduction  exerted  by 
the  natural  base.  In  Part  II  will  be  found  an  account  of  the  bas^ 
obtainable  from  the  kreatin  of  urinary  kreatinin. 

Part  II. 
On  the  Kreatinins  derived  from  the  Dehydration  of  Urinary  Kreatin, 

When  the  kreatinin  of  urine  is  boiled  in  dilute  aqueous  solution  in 
proportion  1  :  1000  by  weight  of  water,  it  is  gradually  converted  into 
kreatin,  which  may  be  crystallised  out  by  concentrating  at  the  boil- 
ing temperature.  If  the  first  crop  of  kreatin  be  separated  from  the 
mother-liquor,  the  latter,  diluted  largely  and  again  concentrated, 
yields  a  further  crop  of  crystals,  and  this  may  be  repeated  as  long  as 
any  kreatin  crystallises  out.  The  whole  of  the  crystals  thus  obtained 
are  then  dissolved  together  in  boiling  water,  the  solution  kept  boiling 
with  animal  charcoal  till  colourless,  filtered,  and  concentrated.  On 
cooling  the  pure  urinary  kreaAivn  cr^^\a\\\^^  out. 


On  Kreatinins. 


519 


Determinations  of  Water  of  Crystallisation  in  Urinary  Kreatin. 


Weight  of  air- 
dried  crjstalfl  in 
grams. 

Weight  lost  at 
100°  C. 

Weight  lost  by 
100  parts. 

H3O  in  100 

parts  of 

C4HiN,08.HjO. 

3-547 
2-955 

0-4415 
0-363 

12*45 
12-28 

12-08 
12*08 

These  results  agree  with  the  formula  C^H^NjOj.HjO. 

Conversion  of  Urinary  Kreatin  into  Kreatinin  Hydrochloride  hy  Liehig^s 

Process. 

Weighed  portions  of  the  air-dried  urinary  kreatin  were  introduced 
into  a  counterpoised  Liebig's  drying  tube,  connected  at  one  extremity 
with  apparatus  for  the  delivery  of  dry  air  or  dry  hydrogen  chloride  at 
will,  and  at  the  other  extremity  with  a  counterpoised  bulb  apparatus 
containing  sulphuric  acid.  In  some  experiments  the  kreatin  was 
first  dried  at  100**  C.  in  dry  air,  and  then  subjected  to  the  action  of 
dry  HCl  at  100**  C. ;  in  others  the  crystals  were  at  once  acted  on  by 
HCl,  without  previous  removal  of  their  water  of  crystallisation.  The 
final  products  were  found  to  have  similar  properties  in  all  the  ex- 
periments. Dry  air  was,  of  course,  kept  passing  in  all  cases  at 
100*  C,  until  no  more  water  was  expelled,  i.e.,  until  the  weight  of 
the  sulphuric  acid  bulbs  in  front  of  the  kreatin  tube  became  constant. 

The  following  are  some  of  the  quantitative  results : — 


Weight  of  Jtreatin 
taken  in  grams. 

Weight 

ofHjO 

collected. 

Weight  of 

kreatinin 

hydrochloride 

found. 

Theoretical 
weight  of 

HsO 
expelled. 

Theoretical 

weight  of 

kreatinin 

hydrochloride. 

(Cryst.)      1  -066 

(Anhydrous)  3  1055 

(Anhydrous)  2  '592 

(Cfyst.)      2-659 

(Ciyst.)      6  -063 

0-276 
0-412 
0-364 
0*594 
1-220 

1-076 
8-507 
2-950 
2*708 
5*078 

0-259 
0*426 
0*356 
0-642 
1-223 

1-0696 

3-544 

2-967 

2-661 

6-0799 

The  above  results  sufficiently  prove  that  when  urinary  kreatin  is 
acted  upon  by  dry  HCl  at  100°  C,  the  change  is  expressed  by  the 
equation  C^H^NjOo.HjO  -f  HCl  =  C4H7N3O.HCI  -f  2H2O. 
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Comparison  between  Kreatinin  Hydrochloride  prepared  by  Liebig*$  PrO' 
cess  from  Urinary  Kreaiin  and  the  Krealinin  Hydrochloride  ohiained 
from  the  Spherical  Mercury  Salt  of  Urine. 

When  the  contents  of  the  tnhe,  in  which  nrinary  kreatin  has  been 
converted  into  kreatinin  hydrochloride  by  dry  HCl  at  100**  C,  are 
dissolved  in  cold  water,  three  times  its  weight  of  wbich  is  sufficient 
for  complete  solution,  there  are  obtained  on  evaporation  in  va^cuo  over 
snlphnrio  acid  transparent  flattened  prisms,  which  rapidly  become 
opaqne  on  exposure  to  common  air  by  efflorescence. 

1'26  gram  of  these  crystals  (air-dried  and  weighed  at  once)  lost 
7*06  per  cent,  after  48  hours*  exposure  to  common  air  at  15®  C. 
Being  finally  dried  at  100^  C,  they  were  found  to  have  lost  altogether 
10*9  per  cent. 

The  formula  C^H^NgO.HCl.HjO  requires  11*04  per  cent.  H,0.  In 
this  respect,  kreatinin  hydrochloride  obtained  by  Liebig*8  process 
from  urinary  kreatin,  resembles  the  kreatinin  hydrochloride  obtained 
from  kreatinin  of  flesh  by  the  same  process. 

Thus  0*823  gram  of  air- dried  transparent  square  plates  of  kreatin 
hydrochloride,  prepared  by  me  from  beef  by  Inebig's  process,  and 
crystallised  by  spontaneous  evaporation  from  cold  aqueous  solution, 
lost  12*4  per  cent,  of  their  weight  when  dried  at  100**  C,  which  is 
rather  more  than  is  required  by  the  formula  C4H7N3O.HCl.HjiO.  The 
occurrence  of  water  of  crystallisation  in  the  crystals  obtained  by 
spontaneous  evaporation  of  cold  aqueous  solutions  of  kreatinin  hydro- 
chloride obtained  artificially  by  Liebig*s  process  from  kreatin 
(whether  urinary  or  sarcous  in  its  origin)  is  an  important  means  of 
distinguishing  these  artificial  hydrochlorides  from  the  natural  hydro- 
chloride of  urinary  kreatinin,  the  crystals  of  which  I  have  invanablj 
found  to  be  anhydrous,  even  when  the  utmost  care  is  taken  to  avoid 
heating  their  solution  (vide  Part  I  of  this  paper). 

Description  of  the  Preparation  of  Kreatinins  from  the  Kreatinin  Hydro- 
chloride produced  from  Urinary  Kreatin, 

The  same  process  was  adopted  in  liberating  the  kreatinin  from  the 
artificial  hydrochloride  as  in  the  case  of  the  hydrochloride  of  the 
kreatinin  of  urine  itself.  The  concentrated  aqueous  solution  was 
well  stirred  with  excess  of  pure  lead  hydrate,  at  the  ordinary  tempe- 
rature, till  the  reaction  to  litmus  became  strongly  alkaline.  The 
liquid  was  then  filtered  and  evaporated  in  vacuo  over  sulphuric  acid. 
In  some  cases  this  treatment  produced  efflorescent  kreatinin,  exactlv 
resembling  in  crystalline  form  and  in  composition  the  efflorescent 
kreatinin  of  urine  (C4H7N3O.2H3O)  ;  whilst  in  other  cases  anhydrous 
tabalar  crystals  were  formed,  which  were  found  to  be  crystallo- 
^aphically  identical  witYi  \;\ift  Xa^QxA^iiT  t^Wl»«I  kreatinin  of  urine.    I 
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have  been  unable  to  ascertain  the  canse  of  the  formation  of  these  two 
bodies  in  different  experiments,  bnt  I  shall  show  presently  that  thej 
are  very  easily  convertible  the  one  into  the  other. 

For  the  ciystaUographic  examination  of  the  kreatinin  crystals  pre- 
pared by  me  from  nrine  and  from  the  kreatin  of  urine,  I  am  indebted 
to  the  kindness  and  patience  of  Ur.  L.  Fletcher  of  the  Uineralogical 
Department  of  the  British  Unsenm.  Ha  has  fonnd  that  the  tabular 
crystals  of  kreatinin,  both  nataral  and  artificial,  are  identical  in  their 
angles  with  those  measured  by  Eopp  and  Heints.  He  has  also  made 
for  me  (with  the  aid  of  Mr.  H.  A.  Miers)  what,  I  snppose,  are  the 
first  measurements  of  the  efflorescent  kreatinin.  Mr.  Fletcher's 
report  is  as  follows  : — 

Kreatirvin  (meatured  by  Fletcher). 
AnhydrooB   tabalar  K.  from  nrine  and  irom  arinary  kreatin  by 
Liebig's  process.     Thin,  rectangnlar,  nearly  sqnare  tables. 
System — Monosy  mmetric. 

Elements— <i :  6  :  c  : :  1-235  :  1116j  y  =  69°  47'. 
Forms  observed— a{100},  c{001},  m{llO},  d,{r01}. 

The  development  of  the  forms  is  illustrated  by  Figs.  2  and  3. 
The  form  d  was  only  observed  in  one  of  the  crystals. 
There  is  an  easy  cleavage  parallel  to  o,  {100}. 


ObKrred. 

Kopp. 

Hrinti. 

Anglea. 

llMn. 

Limiting  Tslues. 

%['.'.'. 

69°  47 
60°  68' 
■49"  IS' 
81°  3-*' 

69=35'— 70°    3' 
50*  etK— 51°    6* 
48°  48'-49°  34' 
81°  1!'— 81°  53' 

69°  24' 

81°  40' 

G9°67'-70*"80'. 
81°40',aometiine9  37' 

rSS-. 
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The  crystals   were  thus    identical    in    their    angles    with    those 
measured  by  Kopp  and  Heintz. 

Efflorescent  Kreatinin,  (C4K7N3O.2HJ1O).    Meatured  by  L,  Fletcher  and 

S,  A,,  MMTS, 

Long  prisms. 

System — monosymmetric. 

Elements— a  :  6  :  c  : :  0-6114  :  1  :  P ;  y  =  80°  18'. 

Forms  observed— 6 {010},  c{001},  m{110},  A{  120}, /{ISO}. 


Angles  found. 
hm     . . . 


Obserred.  Caloul&ted. 

58°  55V     58°  55i' 


cm     81°  42' 


81^*  42^ 


ch      83°  45' 

cf      85°  13' 


39°  40^'    -. 39**  41' 

28°    7'      28°  57' 

83°  49' 

85°  19' 


Analyses  of  Kreatinins  from  Urinary  Kreatin  by  lAehig^a  ^Process. 
Determinations  of  Water  of  Crystallisation  in  the  Efflorescent  Kreatinin 
from  Urinary  Kreatin. 

The  same  difficulty  was  experienced  in  making  these  determinatioDs 
as  in  the  case  of  the  efflorescent  kreatinin  obtained  directly  from  urine, 
on  account  of  the  extreme  rapidity  of  the  efflorescence. 


Weight  of 

efflorescent 

kreatinin  taken 

(in  grams). 

Loss  of  weight 
at  100^  0. 

Loss  of  weight 
in  100  parts. 

Theoretical  lost 

for 
C4H7N,O.2H,0. 

0-726 
0-465 

0  1736 
0-114 

23-91 
24-51 

24  16 
24-16 

The  formula  C4H7NSO.2H3O  receives  additional  support  from  the 
results  of  the  ultimate  analysis  of  the  efflorescent  kreatinin,  before  it 
has  undergone  efflorescence. 

Combustion  of  Efflorescent  Kreatinin  (C^H-^NgO.HgO)  from  Urinary 

Kreatin. 


Weight  of 

substance  taken 

in  grams. 

Hjdrogen 
found. 

Carbon  found. 

Hydrogen  in 

100  parts 

found. 

Carbon  in 

100  parts 

found. 

/ 

0-284 

0  -0203 

0  0917727 

\ 

7  16 

\ 

82-31 

1 
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Bequired  for 
Founol  in  C4H7N,0.2H,0 

100  parts.  (C4HiiN,0|). 

Carbon 32-31 3221 

Hydrogen 716     730 

The  nltimate  analysis  of  the  efBorescent  kreatinin  after  efflorescence 
proves  that  the  composition  of  the  effloresced  snbstance  ia  identical 
with  that  of  the  anhjdrous  tabnlar  kreatinin  from  urinary  kreatin. 

Ultimate  Analysis  of  Effloresced  Kreatinin  from  Kreatin  of  Urine 
and  of  Tabular  Kreatinin  from  the  same  source. 


Description  of 
substance. 

Weight  of 
substance 
in  grams. 

Weigh 

hydroj 

fpun 

tof 

;en 

d. 

\7 

Weight  of 
carbon 
found. 

Hin 

100 

parts. 

1 
Cin      1 
100 
parts. 

Effloresced  kreatinin 
from    kreatin    of 
urine 

0-215 
0-812 
0  1515 

0  011 

0-09186 

0-1342 

0-0641 

6-404 

6-26 

6-60 

42*40 
43*01 
42-47 

Tabular      kreatinin 
from    kreatin    of 
urine 

0-0195 
0-0100 

Tabular     kreatinin 
from    kreatin    of 
urine 

Description  of  substance. 

Weight  of 
substance 
in  giams. 

Vol.  of 

nitrogen  at 

0**  C.  and 

760  mm. 

Weight  of 
nitrogen 
in  grams. 

« 

Nitrogen 
in  100 
part*. 

Effloresced    kreatinin    from 
urinary  kreatin 

0*154 
0*1  f^f^ 

c.c. 
45-574 
44*53 

0-057171 
0 -055862 

87  128 
87  117 

Tabular     kreatinin      from 
urinary  kreatin 

These  results  agi*ee  well  with  the  formula  C4H7N3O,  as  shown  by 
the  following  table : — 


Carbon ' 

Hydrogen < 

Nitrofiren  ....•• 

Found  in  tabular 
kreatinin  from 
urinary  kreatin. 

In  effloresced 

kreatinin  from 

same  source. 

1 
Required  for 
C4H7N,0  in 
100  parts. 

42  -31 1 

43-01. 

6*60' 

6*26, 

Mean. 
'42-66 

87  -117 

42*49 

6*404 

87*128 
(differ.)  13  '988 

42  -478 

6-194 

37-168 
14-160 

Oxygen  (by  difference)   . . 

18  798 

..       100000 

100*000 

100*000 
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Platinum  and  Qold  Salts  of  Sreatiniru  Jrom  Urinary  Kreaiin. 

When  a  aolntion  of  tabular  kreatinin,  prepared  from  nrinaTy 
kreatin  bj  Liebig*8  process,  aUd  which  hajsne-crystollised  in  the  tabular 
form  from  cold  aqueous  solution,  is  acidulated  with  hydrochloric 
acid,  mixed  with  aqueous  solution  of  platinic  chloride  and  evaporated 
in  vacuo  over  sulphuric  acid,  a  crystalline  platinum  salt  is  formed. 
The  cryutals  are  paler  in  colour  than  the  platinum  salt  of  the  tabular 
kreatinin  of  urine,  and  require  nearly  twice  as  much  water  to  dissolve 
them.  The  salt  is  easily  purified  by  washing  away  the  excess  of 
]>latinic  chloride  from  it  with  strong  iJcohol,  and  then  re-crystallising 
fi'om  watery  solution. 

Like  the  platinum  salt  of  the  kreatinin  of  urine,  it  contains  two 
molecules  of  water  of  crystallisation. 

0*162  gram  of  the  salt  became  opaque  at  100°  C,  losing  0*009  gram 
of  water. 

This  corresponds  with  5*55  per  cent. 

The  foi-mula  2iC4H7N8O.HClJPtCl4.2HjO  requires  6*34  per  cent. 

Comparison  between  the  Platinum  Salts  of  Tabular  Kreatinin  a,  of 
Urine  and  Tabular  Kreatinin  a  from  the  Urinary  Ejreatin,  as 
regards  solubility  in  Water. 


j     Weight  of 
solution  (in 
graraB)  satu- 
rated at  15°  C. 


9-837 
3*641 


Name  of  salt  taken. 


;  Platinum  salt  of  tabular  Kx 
I      of  urine  •  • 

•  Platinum  salt  of  tabular  Ka 

•  from  urinary  kreatin    


Weight  of 
dried  at 
100°  C. 


0*652 
0-143 


Parts  by  weieht 

of  water  which 

dissolye  1  part 

of  salt  at  10°  C. 


14  1 
24*4 


Thus  the  platinum  salt  of  the  natural  kreatiuin  is  nearly  twice  as 
soluble  in  water  as  that  of  the  artificial  base. 

Neither  the  ef&orescent  kreatinin  of  urine,  nor  the  efflorescent 
kreatinin  from  urinary  kreatin  form  platinum  salts  of  any  definite 
nature.  After  treatment  with  alcohol  the  crystalline  matter  which 
remains  upon  spontaneous  evaporation  of  mixed  chlorides  is  found  to 
be  a  mixture  of  a  little  yellow  granular  matter  with  transparent 
colourless  needles,  probably  the  hydrochloride  of  the  kreatinin. 

With  auric  chloride,  however,  the  efflorescent  kreatin,  and  also  the 
tabular  anhydrous  kreatinin  from  urinary  kreatin,  give  fine  gold  salts, 
having  the  formula  C4H7N3O.HCI4.AUCIS,  and  crystallising  in  thin 
yellow  lostrous  plates. 

The  gold  salt  of  the  e{&OTesceiL\.\aQ^\hii\TL^Ta  kreatin  is  darker  in 
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colour  than  that  of  the  efflorescent  kreatinin  of  urine,  but  it  has  the 
same  composition,  as  shown  from  the  following  analysis : — 

Oold  Salt  of  Ujfflorescent  Kreatinin  from  Kreatin, — 0*520  gram  gave 
0*226  gram  An,  equivalent  to  43*461  per  cent. 

Required  for 
Found.  C4H7N,O.H01.Aua,. 

An 43*461    43*43 

The  gold  salts  of  natural  kreatinins  &om  urine  may  be  readily 
distinguished  from  those  of  artificial  kreatinins  obtained  from  the 
urinary  kreatin,  by  the  action  of  ether,  which  decomposes  the  latter, 
but  has  no  action  upon  the  former.  When  applied  to  the  crystals  of 
artificial  kreatinin  auric  chloride,  ether  renders  them  opaque,  dis- 
solving out  auric  chloride  and  leaving  the  hydrochloride  of  the 
kreatinin. 

The  crystals  of  gold  salt  of  the  natural  kreatinin  on  the  contrary 
remain  unchanged  under  ether. 

Also,  if  ether  be  added  to  the  alcoholic  solution  of  the  natural 
kreatinin  in  auric  chloride,  no  change  takes  place,  but  it  causes  a 
precipitate  of  the  kreatinin  hydrochloride  when  added  to  the  alcoholic 
solutions  of  the  gold  salts  of  the  artificial  kreatinins. 

Solubility  in  Water  and  Alcohol  of  Tabular  Kreatinin  a  from  Urinary 

Kreatin. 

Parte  by  weight  of  water  at 
Weight  of  solution  in  Weight  of  residue  IG'S*^  C.  required  to 

water,  saturated  at  17^  0.  dried  at  100^  C.  dissohe  1  part  of  baee. 

5*0412  grams      ....       0*4314  gram     10*68  parts 

This  agrees  very  closely  with  the  solubility  of  natural  tabular 
.kreatinin  in  water,  which  i*equires  10*78  parts  at  17"  C. 

The  solubility  of  the  artificial  tabular  kreatinin  in  alcohol  is, 
however,  greater  than  that  of  the  natural  base.  At  18*5**  C,  324  parts 
of  absolute  alcohol  dissolve  1  part  by  weight  of  tabular  kreatinin  a 
from  urinary  kreatin,  whereas  the  natural  tabular  kreatinin  of  urine 
requires  362  times  its  weight  at  17"*  C. 

Effects  of  Ee'Crystdllisation  from  Aqtteous  Solution  at  Different  TempS' 
ratv/res  of  Kreatinins  obtained  from  Urinary  Kreatin, 

There  appear  to  be  four  varieties  of  kreatinin  obtainable  from 
urinary  kreatin. 

(1.)  Efflorescent  kreatinin  «,  which,  having  effloresced,  recrystal- 
lises  in  the  same  form  after  spontaneous  evaporation  of  its  cold 
aqueous  solution. 


526 


Mr.  G.  S.  Johnson. 


(2.)  Efflorescent  kreaidnin  /9,  which,  having  effloresoed,  reorystel- 
lises  in  the  tahnlar  anhydrous  form  from  cold  aqueons  solution. 

(3.)  Tahnlar  kreatinin  «,  which  recrystallises  in  the  same  form 
when  its  cold  aqneons  solution  is  evaporated  in  vacuo  oygt  snlphnrio 
acid. 

(4.)  Tahnlar  kreatinin  /9,  which  recrystallises  in  the  efflorescent 
form  when  its  cold  aqneons  solution  is  spontaneonsly  evaporated. 

There  is  no  apparent'  difference  between  the  crystals  of  (1)  and  (2), 
nor  any  between  those  of  (3)  and  (4).  Yet,  when  the  conditions  of 
solution  and  evaporation  are  kept  as  similar  as  possible,  there  is  the 
remarkable  difference  described  in  the  products  of  re-crystallisation. 
These  four  substances  may  be  obtained  as  follows : — 

(1.)  Efflorescent  kreatinin  a  is  the  product  usually  obtained  after 
the  treatment  of  the  kreatinin  hydrochloride,  prepared  from  urinary 
kreatin,  by  Liebig'  process,  with  pure  lead  hydrate  at  the  ordinary 
temperature.  After  it  has  effloresced,  we  may  obtain  from  it  eitiier 
(3)  or  (4.). 

The  tabular  kreatinin  »  is  formed  if  the  solution  of  the  effloresced 
crystals  is  made  at  100°  C,  even  though  the  subsequent  evaporation 
be  conducted  at  the  ordinary  temperature. 

The  tabular  kreatinin  fi  is  the  product  if  the  effloresced  crystals  are 
dissolved  in  water  at  60°  C. 

The  weight  of  both  these  forms  of  crystals  is  always  identical  with 
that  of  the  effloresced  kreatinin  from  which  they  were  obtained. 

(2.)  Efflorescent  kreatinin  /3  is  obtained  by  dissolving  tabular 
kreatinin  »  in  water  at  GO^  C,  and  then  subjecting  the  solution  to 
evaporation  in  vacuo  over  sulphuric  acid.  Efflorescent  kreatinin  is 
never  obtained  by  deposition  on  cooling  from  a  hot  solution. 

From  tabular  kreatinin  a  tabular  kreatinin  /3  is  obtained  by  dis- 
solving in  boiling  water,  and  then  evaporating  the  solution  at  the 
ordinary  temperature. 

The  following  are  some  results  of  re-crystallisation  of  artificial 
urinary  kreatinin : — 


Nature  of  crystals. 

Dissolved  in 

Evaporated. 

Product. 

Tabular  K 

Water  at  60°  C. 

In  vacuo  . . . 

Efflorescent  K/3. 

Efflorescent  K/3. . 

Cold  water. . . . 

Do. 

Tabular  K^. 

Tabular  Kfi 

Do.      .... 

Do. 

Efflorescent  Ka. 

In   this  case  alternate  crystallisation  of  tabular  and  efflorescent 
kreatinin  took  place  twice,  t\ie  kte&\\Tmi>Q^c^Tmii.^  ^naUy  permanently 
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efflorescent.  If  repeated  re-crystaHisatioss  by  spontaneons  evapora- 
tion from  cold  aqneoos  eolation  be  made,  the  kreatinin  tends 
nltimatelj  to  assume  the  efflorescent  form. 

By  redissolving  at  60*^  C,  we  may,  at  any  time,  cause  the  production 
of  temporarily  tabular  kreatinin  fi,  which  swings  back  to  the  per- 
manently efflorescent  state  after  one  or  two  re-crystallisations  from 
cold  aqueous  solution ;  or  by  redissolving  in  water  at  100^  C,  we  may 
produce  tabular  kreatinin  a,  which  re-crystallisea  in  the  same  form 
indefinitely  from  cold  aqueous  solution. 

It  is  extremely  remarkable,  however,  that  the  efflorescent  kreatinin 
is  obtained  by  dissolving  tabular  kreatinin  a  in  water  at  60°  C,  and 
then  evaporating  spontaneously. 

Condition  of  the  Two  Molecules  of  Water  in  the  Efflorescent  Kreatinin, 

Although  this  water  behaves  like  the  water  of  crystallisation  in  an 
efflorescent  salt  in  many  respects,  and  although  it  does  not  appear  in 
the  gold  salt  formed  by  the  efflorescent  kreatinin,  yet  there  are 
reasons  for  supposing  that  either  the  kreatinin  in  the  efflorescent 
kreatinin  differs  from  the  tabular  anhydrous  kreatinin ;  or  else  that 
the  water  is  more  closely  combined  with  the  kreatinin  than  ordinary 
water  of  crystallisation.     For  instance — 

Ist.  The  solubility  in  water  of  the  efflorescent  kreatinin  before 
efflorescence  is  the  same  as  that  of  the  anhydrous  tabular  kreatinin. 

2nd.  When  re-crystallised  by  evaporation  of  its  cold  solution  in  vacuo 
after  being  dissolved  at  the  boiling  temperature,  anhydrous  tabular 
kreatinin  is  produced. 

3rd.  There  i^  difficulty  in  forming  a  platinum  salt  of  efflorescent 
kreatinin,  none  in  forming  the  platinum  salt  of  the  tabular  kreatinin. 

4th.  When  re-crystalhsed  from  boiling  alcoholic  solution,  the 
efflorescent  kreatinin  forms  needle-shaped  crystals  exactly  resembling 
the  original  base,  and  entirely  different  from  those  which  are  produced 
in  the  alcoholic  solution  of  the  tabular  kreatinin. 

Cujpric  Oxide  Reduction  effected  by  the  Tabular  Kreatinin  from  Urinary 

Kreatin, 

10*8  c.c.  of  a  solution  containing  0*1785  gram  of  tabular  kreatinin  a, 
from  kreatin  of  urine  in  60  c.c,  were  required  to  decolourise  40  c.c.  of 
Pavy's  ammoniacal  cupric  solution  (=  0*02  gram  of  glucose),  i.e. — 

10  parts  by  weight  of  glucose  reduce  as  much  CuO  as  16  parts  by 

weight  of  kreatinin  (tabular  a),  or 
2  mols.  of  glucose  are  equivalent  to  5  mols.  of  kreatinin  in  reducing 

action  upon  CuO. 

A  specimen  of  tabular  hreatinin  fi  from  urinary  kreatinin  was 
found  to  have  exactly  the  same  reducing  action  as  the  above. 
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Beducing  Action  of  a  Specimen  of  Kreatinin  from  Kreatin  of  Beef. 

The  kreal^  from  which  this  kreatinin  was  prepared  was  extracted 
by  myself  from  beef  (62  lbs.)  by  Liebig*s  process,  and  I  followed 
Liebig's  directions  as  exactly  as  possible  in  converting  it  into  krea- 
tinin. The  product,  howeyer,  required  890*2  times  its  weight  of 
alcohol  at  15^  G.  for  solation,  and  its  platinum  salt  contained  water  of 
crystallisation,  so  that  the  base  does  not  agree  in  properties  with  that 
described  by  Liebig. 

The  reducing  action  of  this  base  was  feebler  than  that  of  the  arti- 
ficial kreatinin  from  the  kreatin  of  urine.  It  required  8  mols.  of  this 
kreatinin  to  reduce  as  much  cupric  oxide  as  1  mol.  of  glucose. 

Thus,  comparing  the  reducing  action  of  kreatinins,  we  have— 


>  Kreatinins  from  urine .     4  molecules  =  2  mols.  glucose. 


Tabular  and 
efflorescent 

Tabular     »  \  Kreatinins  from   urin- 1  ^ 

and  /3       J      ary  kreatin J  ^  "  "  " 

Kreatinin  from  kreatin  of  flesh 6 


»»  »»  » 


It  is  evident,  therefore,  that  the  reducing  action  of  the  natural 
kreatinin  is  much  greater  than  any  of  the  artificial  kreatinins  which  I 
have  examined. 

In  conclusion,  I  think  it  is  proved — 

(1st.)  That  the  most  active  reducing  agent  in  normal  urine  is  the 
urmaiy  kreatinin. 

(2nd.)  That  the  properties  of  kreatinins  artificially  prepared  cannot 
be  considered  as  identical  with  those  of  the  natural  base  ;  and 

(3rd.)  That  there  is  strong  presumptive  evidence  against  the  exist- 
ence of  sugar  in  normal  human  urine. 

In  this  paper  I  have  confined  my  attention  to  the  differentiation  of 
kreatinins  by  the  study  of  their  physical  properties,  reactions,  &c.  I 
hope  shortly  to  study  the  substitution  products  of  the  various  sub- 
stances I  have  described,  with  a  view  to  the  construction  of  rational 
formulsB,  &c. 


Appendix  by  Professor  W.  N.  Hartley,  F.R.S. 

On  the  A-hsorption'Specirum  of  a  Base  from  Urine, 

The  hose  which  Mr.  Gr.  S.  Johnson  has  separated  from  urine  is 
regarded  as  isomeric  with  kreatinin  artificially  prepared  by  Liebig*s 
process ;  it  has  therefore  been  considered  of  interest  to  ascertain  the 
character  of  its  absorption-spectrum  and  more  especially  to  compare 
the  specific  absorptive  power  of  the  two  substances.  The  method  of 
examination  was  that  described  in  the  '  Proceedings  of  the  Royal 
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Society,'  vol.  33,  p.  1,  with  the  modifications  described  in  the  *  Journal 
of  the  Chemical  Society,'  vol.  47,  pp.  685 — 767.  The  absorption-cnrves 
have  been  drawn  in  the  same  way  as  those  figured  in  the  latter  publi- 
cation. 

The  two  bodies,  kreatinin  and  the  base  from  urine,  are  compounds 
with  a  very  similar  constitution,  as  is  apparent  from  the  two  curves 
accompanying  this  note.  The  absorption-bands  are  not  caused  by  the 
condensation  of  the  carbon  atoms  as  in  aromatic  derivatives  of  ben- 
zene, but  by  the  condensation  of  the  numerous  oxygen  and  nitrogen 
atoms,  as  is  the  case  with  uric  acid.  The  absorption-bands,  though 
definite,  have  no  great  persistency,  but  the  intensity  of  the  total 
actinic  absorption  is  great,  the  band  of  kreatinin  becoming  visible 
when  2  mm.  of  a  solution  were  examined  containing  little  more  than 

1  part  of  the  substance  in  1000  of  water.     With  the  base  from  urine 

2  mm.  of  solution  show  a  band  when  the  same  quantity  is  contained 
in  5000  of  water. 
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OBITUARY  NOTICE  OF  FELLOW  DECEASED. 

Henbt  Mangles  Denham,  son  of  the  lato  Henry  Denham,  Esq.,  of 
Sherborne,  was  bom  on  the  28th  of  August,  1800. 

He  commenced  his  career  in  the  Bojal  Navy  at  a  very  early  age, 
and  continued  an  almost  uninterrupted  course  of  service  afloat  in 
the  surveying  branch  of  the  profession  for  the  long  period  of  fifty 
years. 

He  was  one  of  the  most  able  and  eminent  of  our  nautical  sui'vcyors, 
and  was  considered  a  high  authority  on  all  questions  relating  to 
hydrographical  engineering;  he  was  intimately  connected  with  the 
improvement  of  our  great  commercial  ports,  upon  which  his  counsel 
and  advice  were  frequently  sought,  almost  to  the  close  of  his  life. 

During  his  early  service,  between  tlie  years  1810  and  1827,  he  was 
employed  under  that  distinguished  surveying  officer.  Captain  Martin 
White,  on  the  surveys  of  the  Channel  Islands,  and  in  the  English  and 
Irish  Channels.  In  the  latter  year  ho  was  appointed  to  the  command 
of  the  "  Linnet,"  of  ten  guns,  and,  during  the  next  seven  years,  he 
conducted,  the  surveys  of  the  Bristol  Channel  and  of  the  ports  of 
Liverpooland  Milford. 

He  was  promoted  to  the  rank  of  Commander  in  1835  ;  and  his  next 
service  in  command  of  the  **  Lncifer  "  was  on  the  surveys  of  the 
coast  of  Lancashire  and  Cumberland.  In  l6ity  he  was  appointed  to 
the  command  of  the  "  Avon,"  and  was  sent  •  to  the  West  Coast  of 
Africa  on  special  surveying  duties,  which  he  conducted  with  so  much 
ability,  under  very  unfavourable  circumstances,  that  he  was  rewarded 
with  post  rank  in  the  following  year — 18-46. 

He  then  returned  to  England,  and  was  again  employed  on  hydro- 
graphical  duties  connected  with  the  home  coasts. 

Early  in  the  year  1852  Captain  Denham  was  appointed  to  the  com- 
mand of  an  expedition,  consisting  of  H.M.  sliips  "  Herald  **  and 
**  Torch,"  for  exploration  and  survey  in  the  Western  Pacific,  where 
he  was  actively  employed  until  the  close  of  the  year  18G0. 

During  this  protracted  voyage  the  "Herald**  and  her  consort 
added  greatly  to  the  hydrographical  knowledge  of .  this  extensive 
region.  Various  surveys  were  made  on  both  the  eastern  and  western 
coasts  of  Australia,  but  the  region  of  Captain  Denham's  special 
exploration  was  the  Coral  Sea,  where  he  thoroughly  examined  and 
defined  the  route  outside  the  Great  Barrier  Reefs,  by  Torres  Strait, 
to  the  Dutch  possessions  in  the  Java  Sea,  Singapore,  and  India; 
likewise  among  the  various  groups  of  islands  eastward  and  northward 
of  Australia,  where  the  salient  points  of   New  Caledonia,  the  New 
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Hebrides,  Fiji  and  Tonga  g^nps,  with  those  of  the  Solomon  and 
Louisiade  Archipelagos,  were  accaratel  j  determined,  and  namerona 
doubtful  dangers,  long  the  canse  of  perplexity  and  anxiety  to 
the  navigator,  were  either  correctly  placed  or  proved  to  have  no 
existence. 

These  examinations,  and  the  improved  conditions  of  the  charts 
which  resulted  from  them,  much  facilitated  the  intercourse  between 
our  great  Australasian  colonies,  the  islands  of  the  Western  Pacific, 
and  the  coasts  of  China  and  Japan. 

During  this  voyage  a  considerable  portion  of  the  Fiji  group  was 
also  surveyed  in  detail,  but  the  "Herald's"  long  absence  from 
England  caused  the  completion  of  this  work  to  be  lefb  to  other 
hands. 

In  1861  the  "  Herald  "  returned  to  England  by  Torres  Straits 
and  the  Cape  of  Gtood  Hope,  arriving  home  in  the  month  of  May, 
and  this  memorable  voyage  terminated  Captain  Denham's  active 
service  afloat. 

During  the  short  intervals  of  active  service  under  the  Admiralty, 
Captain  Denham  executed  several  commissions  connected  with  the 
mercantile  steam  marine  for  the  Lords  Committee  of  the  Privy  Council 
for  Trade,  and  also  with  reference  to  harbour  improvements  at  Liver- 
pool, Swansea,  and  Bidoford. 

He  received  votes  of  thanks  from  various  National  and  Local 
Boards,  and  in  1834  was  presented  with  the  freedom  of  the  borough 
of  Liverpool,  and  elected  a  member  of  the  Literary  and  Philosophical 
Society  of  that  city. 

In  1889  ho  was  elected  a  Fellow  of  the  Royal  Society,  and,  in  1841, 
a  brother  of  the  Corporation  of  Trinity  House,  and  a  corresponding 
member  of  tbo  United  States  National  Institute  for  the  Promotion  of 
Science. 

Sir  Henry  Denham  was  knighted  for  his  long  and  important 
services  in  the  "  Herald  '*  on  the  Pacific  Station,  and  especially  for 
the  assistance  he  rendered  by  his  counsel  and  otherwise  to  the  New 
South  Wales  Government  during  the  Russian  War  of  1854-55. 

He  was  promoted  to  the  rank  of  Rear- Admiral  in  March,  18G4,  of 
Vice- Admiral  in  January,  1870,  and  Admiral  in  August,  1877. 

He  died  at  his  residence,  Carlton  Gardens,  on  July  3rd,  1887. 

G.  H.  R. 
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Mr.  John  Arthur  Phillips,  F.G.S.,  F.C  S.,  and  M.I.C.E.,  who  died 
at  his  home  in  London  through  a  sudden  attack  of  illness  on  the  5th 
of  January,  1887,  was  one  of  those  devotees  of  scientific  inquiry  who 
deserve  to  have  a  longer  portion  of  life  blest  with  that  leisure  which 
is  needed  for  research. 

He  was  born  in  the  neighbourhood  of  Polgooth  Mine,  near  St. 
Austell,  Cornwall,  and  appears  to  have  taken  as  a  boy  a  hereditary 
interest  in  mining  and  metallurgical  matters,  for  his  grandfather  was 
the  manager  of  that  noted  old  tin  mine,  and  was  quoted  as  **  its  very 
intelligent  director,"  by  Mr.  J.  Hawkins,  F.R.S.,  and  as  his  chief 
informant  in  1791,  on  the  phenomena  of  that  remarkable  locality 
which  was  described  by  Mr.  Hawkins  in  the  first  volume  of  the 
*  Transactions  of  the  Royal  Geological  Society  of  Cornwall*  in  1818. 

Mr.  Phillips'  attention  was  drawn  in  early  youth  to  observations 
and  experiments  connected  with  electricity  and  the  deposition  of 
metallic  copper.  We  may  trace  this  in  part  to  the  influence  of  the 
Polytechnic  Society  of  Cornwall  and  its  useful  annual  exhibitions  at 
Falmouth,  as  well  as  to  the  example  and  studies  of  the  late  Robert 
Were  Fox,  F.R.S.,  one  of  its  founders.  Young  Phillips  soon  becoming 
desirous  of  a  more  thorough  grounding  in  the  metallurgical  sciences, 
entered  as  a  student  at  the  Ecole  des  Mines,  passed  its  curriculum 
with  credit,  and  for  a  short  time  was  intrusted  with  the  charge  of  a 
coal  mine  in  the  South  of  France. 

On  returning  to  England  Mr.  Phillips  was  employed  in  taking  a 
practical  part  in  the  evaporation  experiments  on  steam  coals  carried 
out  with  a  Cornish  boiler  at  the  Civil  Engineers  College  at  Putney, 
for  the  Admiralty,  the  ie»ulta  of  which  were  embodied  in  the  well- 
known  "  Report.**  This  work  was  followed  up  by  various  papers  on 
chemical  and  metallurgical  subjects,  among  which  one  of  the  most 
generally  interesting  was  a  "  Chemical  Examination  of  the  Metals 
known  to  the  Ancients  **  (*  Journal  of  the  Chemical  Society,'  1852, 
and  *Liebig's  Annalen,'  vol.  81). 

For  many  years  past  the  rich  silver-lead  lodes  of  Pontgibaud  in 
the  Auvergne  have  been  worked  by  a  partly  English  Company,  and 
Mr.  Phillips  was  engaged  for  a  considerable  time,  between  1855  and 
1860,  on  behalf  of  the  Messrs.  Taylor  of  London,  the  managers,  in 
experimenting  and  erecting  furnaces  for  the  treatment  of  those  ores. 
He  also  for  a  few  yfears  acted  as  a  consulting  mining  engineer,  taking 
the  opportunity  of  visiting  and  describing  the  singular  gold-bearing 
deposits  of  Nova  Scotia,  and  the  more  important  gold  fields  of  Cali- 
fornia, his  notes  on  which  were  published  in  the  *  Proceedings  of  the 
Royal  Society,'  1868. 

But  it  was  not  until  his  metallurgical  aptitude  was  proved  by  suc- 
cess as  a  manager  tliat  Mr.  Phillips  obtained  the  leisure  to  take  up 
independent  studies.     The  profitable  results  which  attended  the  co- 
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operation  of  Mr.  Claudet  and  himself  in  the  condact  of  a  work  at 
Widnes,  in  which  copper,  silver,  and  gold  were  extracted  from 
**  bnrnt "  Spanish  pyrites,  placed  him  in  a  more  favourable  position. 

He  became  a  Fellow  of  the  Geological  Society,  and  in  the  '  Quar- 
terly Journal  *  of  that  Society,  in  the  *  Philosophical  Magazine,'  as 
also  in  our  own  *  Proceedings  *  and  elsewhere,  he  bi'ought  out  a  long 
series  of  papers  descriptive  of  results  of  chemicaU  analysia  and  of 
microscopic  work  as  bearing  on  mining  and  geological  subjects. 
Among  these  some  of  the  more  notable  were*  those  on  the  phonolite 
of  the  Wolf  Rock,  on  the  salt  spring  at  Wheal  Seton  Copper  Mine,  on 
the  ''  greenstones  "  of  Cornwall,  in  which  he  confirmed  the  views  of 
Mr.  Allport  as  to  the  great  extent  to  which  rocks,  originally  augitic, 
have  been  converted  into  varieties  of  a  hornblende  character.  This 
he  followed  up  by  observations  on  chemical  and  mineralogical  changes 
which  have  taken  place  in  the  igneous  rocks  of  North  Wales ;  and  in 
a  generally  interesting  paper  in  1875  he  showed  reasoi^  for  calling  in 
question  the  startling  generalisation  of  Mr.  Sorby  s^  to  the  depth  and 
pressure  under  which  the  granitic  rocks  had  been  formed. 

Nun^erous  observations  had  before  been  made  on  the  subject  of  the 
dark  enclosures — whether  rounded  or  angular-^-which  so  often  occur 
in  granite ;  but  M^-  Phillips  seems  to  have  been  the  first  to  apply 
(1879)  a  series  of  analyses  and  microscopical  investigations  to  the 
question,  although  only  confirming,  after  all,  the  old  opinion  that 
some  of  them  are  concretionary,  others  only  fragments. 

Meanwhile,  at  various  intervals  several  larger  works  had  issued 
from  his  pen — an  elementary,  and  then  a  fuller  Manual  of  Metallurgy, 
a  treatise  on  the  Mining  and  Metallurgy  of  Gold  and  Silver,  a  very 
full  compilation  from  well-selected  sources  on  Ore  Deposits ;  and  at 
the  very  last  he  was  occupied  in  bringing  out  a  new  edition  of  his 
Metallurgy. 

Mr.  Phillips,  on  coming  from  Lancashire  to  reside  in  London,  added 
greatly  to  his  circle  of  friends  by  his  generous  and  outspoken  cha- 
racter, and  his  good  common  sense  and  special  knowledge  will  be 
seriously  missed  at  the  council  tables  of  Societies  at  which  he  was  a 
frequent  attendant. 

W,  W.  s. 

Joseph  Baxexdell  was  born  in  Manoliester  in  1815,  and  died  at 
Southpoi't  on  October  7th,  1887.  Having  to  make  his  way  in  the 
world  he  was  sent  to  sea  at  an  early  age.  It  is  believed  that  the 
circumstances  of  his  profession  led  him  to  recognise  the  immense 
importance  of  the  two  great  branches  of  obsei'vational  science 
astronomy  and  meteorology,  and  to  interest  himself  in  their  cultiva- 
tion. 

With  this  object  in  view  he  was  assiduous  in  supplementing  the 


deficieiicies  of  a  limited  edaoation^  and  ultimately  acqaired  a  know- 
ledge of  matbematics  which  was  of  much  service  to  him  in  his 
scientific  investigations. 

Mr.  Baxendell  was  what  this  training  made  him.  He  became 
a  thougbtf  al  and  retiring  stndent  of  natore  rather  than  one  who  cared 
to  take  a  prominent  place  in  general  scientific  society.  But  he  was 
much  esteemed  bj  those  whose  tastes  were  similar  to  his  own,  and  a 
meeting  of  snch  students  usually  took  place  once  a  fortnight  during 
the  winter  months  at  the  rooms  of  the  Manchester  Literary  and 
Philosophical  Society.  At  first  Mr.  Baxendell  was  a  regular  attendant 
at  these  meetings,  and  ultimately  he  was  chosen  to  be  Secretary  of  the 
Society  and  Editor  of  its  publications.  The  duties  of  these  offices 
were  discharged  by  Mr.  Baxendell  in  a  very  intelligent  and  con- 
scientious manner. 

In  astronomy  Mr.  Baxendell  contributed  observations  of  varioos 
kinds.  Of  these  perhaps  the  most  important  are  embodied  in  his 
Catalogue  of  Variable  Stars,  a  work  which  is  highly  esteemed  by  all 
astronomers. 

In  meteorology  his  contributions  are  of  conspicuous  importance, 
and  in  one  branch  of  this  science  he  may  claim  to  be  the  pioneer. 

In  1871,  after  having  discussed  eleven  years'  observations  of  the 
Badcliffe  Observatory,  Oxford,  he  came  to  the  conclusion  that  the 
forces  which  produce  the  movements  of  the  earth's  atmosphere  are 
most  energetic  in  those  years  when  there  are  numerous  spots  on  the 
sur&K^  of  the  sun.  This  conclusion  was,  like  that  of  many  similar 
pioneers,  derived  from  perhaps  a  somewhat  limited  series  of  observa- 
tions, but  the  sagacity  of  Mr.  Baxendell  is  justified  by  the  fact 
that  many  other  men  of  science  have  since  followed  in  his  foot- 
steps. 

Mr.  Baxendell  was  likewise  Bfl,  independent  discoverer  of  the  fact 
that  the  faculsB  which  accompany  sun-spots  are  thrown  more  behind 
them  than  before — the  word  behind  having  reference  to  the  direction 
of  rotation  of  the  sun  upon  its  axis. 

Again  he  entertained  the  opinion,  which  has  since  spread,  that  the 
behaviour  of  sun-spots  is  connected  in  an  intimate  manner  with  that 
of  meteoric  matter  round  the  sun. 

Mr.  Baxendell  foretold  the  long  drought  of  1868,  and  persuaded 
the  city  of  Manchester  to  take  precautionary  measures  which  had 
the  effect  of  mitigating  the  inconvenience  arising  from  want  of 
water. 

He  was  a  Fellow  of  the  Boyal  Astronomical  Society,  a  correspond- 
ing member  of  the  Boyal  Society  of  Kbnigsberg,  of  the  Scientific  and 
Literary  Academy  of  Palermo,  and  of  the  National  Observatories  of 
France,  (Germany,  and  Italy. 

He  held  for  many  years  the  office  of  Astronomor  tA  tk^  l/Ldx^^^^s^fist 
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Corporation,  and  was  residing  at  the  Observatory,  Southport,  at  the 
time  of  his  death. 

B.  S. 

Sib  Geobge  Burrows,  who  died  December  12th,  1887,  was  bom  in 
1801  in  Bloomsbnry  Square.  His  father.  Dr.  George  Man  Barrows,  a 
member  of  a  family  of  Kentish  yeomen,  who  had  lived  for  at  least 
two  centuries  at  Chalk,  near  Gravesend,  was  at  that  time  a  general 
practitioner,  and  one  of  the  most  energetic.  His  early  education  was 
at  a  school  of  good  renown  at  Ealisg,  kept  by  Dr.  Nicholas ;  and 
among  his  teachers  was  Professor  Huxley's  father,  to  whose  lessons 
he  ascribed  the  love  of  mathematics  which  led  to  much  of  his  success 
in  later  life.  In  1819  and  1820,  being  destined  for  the  medical  pro- 
fession, he  attended  Mr.  Abemethy*s  lectures  and  dissected  at  St.  Bar- 
tholomew's Hospital,  and  attended  the  lectures  of  Brande  and  Faraday 
at  the  Bioyal  Institution.  In  1821  his  father  determined  to  send  him 
to  Edinburgh,  that  he  might  there  take  his  doctor's  degree,  and  the 
day  for  his  leaving  London  was  fixed ;  but,  on  the  urgent  advice  of 
Dr.  Latham,  who  pointed  out  the  far  greater  value  of  an  English 
degree  to  one  who  was  to  practise  in  London,  the  plan  was  changed, 
and  he  went  to  Cambridge  and  entered  at  Caius  College. 

There  he  worked  hard,  did  well  in  the  annual  college  examinations, 
was  active  in  athletics,  a  good  rower  and  cricketer,  but  in  social  life 
was  deemed  quiet  and  Yeserved.  In  1825  he  took  his  B.A.  degi^ee, 
passing  as  tenth  wrangler,  and  was  soon  after  elected  a  Fellow  of  his 
College.  During  his  undergraduate  time  he  bad  been  appointed  to  a 
Tancred  Studentship,  which  involved  the  necessity  of  his  taking  the 
M.B.  within  the  year  after  the  B.A. ;  but  he  obtained  some  respite 
from  this  rule,  took  pupils,  was  a  junior  mathematical  lecturer, 
studied  what  he  could  of  medicine  with  the  University  professors,  and 
passed  the  M.B.  examination  at  some  time  in  1826.  Soon  after  this 
he  returned  to  St.  Bartholomew's,  was  for  twelve  months  one  of 
Lawrence's  dressers,  and  was  a  constant  worker  with  Latham  and 
Watson.  Thus  he  went  on  till,  having  a  good  opportunity  of  travel- 
ling, he  visited  and  studied  at  the  Universities  of  Pai*is  and  Pavia  and 
some  of  those  in  Germany.  In  1829  he  obtained  at  Cambridge  a 
licence  to  practise,  and  was  admitted  an  inceptor  candidate  at  the 
College  of  Physicians.  In  1831  he  took  his  M.D.,  and  was  appointed 
with  Dr.  Roupell  to  the  Lecturership  on  Forensic  Medicine,  then  first 
instituted  at  St.  Bartholomew's.  In  1832  he  was  admitted  a  Fellow  of 
the  College  of  Physicians,  and  was  put  in  charge  of  wards  prepared 
for  cholera  patients  in  the  epidemic  of  that  year,  the  first  time  of  its 
occurrence  in  England.  In  1834  he  was  appointed  the  first  Assistant- 
PAjsjcian,  and  took  charge  of  medical  out-patients,  who  were  then, 
for  the  first  time,  dealt  mt\i  »»  «i  fte^«i:^\«>  ^^^-a. 
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Prom  this  time  onwards  Sir  George  Bnrrows's  career  was  one  of 
constantly  increasing  success  and  professional  distinction.  It  may  be 
indicated  by  the  offices  to  which  he  was  appointed. 

At  the  College  of  Physicians  he  was  Gulstonian  Lectnrer  in 
1834;  Croonian  in  1835  and  1836;  Lnmleian  in  1843  and  1844; 
Censor  in  1839-40-43  and  -46 ;  Councillor  for  five  periods  of  three 
years  between  1838  and  1870 ;  President  from  1871  to  1875.  In  the 
Greneral  Medical  Council  he  represented  the  College,  and  was  one  of 
the  Treasurers  from  1860  to  1863,  and  was  President  from  1864  to 
1869. 

In  the  Hospital  he  became  in  1834  sole  Lecturer  on  Forensic 
Medicine,  in  1836  joint  Lecturer  on  Medicine  with  Dr.  Latham, 
in  1841  sole  Lecturer  and  full  Physician, — appointments  which  he 
held  till  1863,  when,  on  his  retirement,  he  was  elected  Consulting 
Physician. 

In  1870  he  was  appointed  Physician-Extraordinary  to  the  Queen ; 
in  1873,  Physician-in-Ordinary.     In  1874  he  was  made  a  Baronet. 

He  was  President  of  the  Medico-Chirargical  Society  in  1869-71 ; 
President  of  the  British  Medical  Association  in  1862 ;  was  elected 
a  Fellow  of  the  Royal  Society  in  1847,  and  Honorary  LL.D.  of  Cam- 
bridge and  D.C.L.  of  Oxford,  a  Member  of  the  Senate  of  the 
University  of  London,  and  an  Honorary  Fellow  of  Caius  College, 
Cambridge.  He  was  a  very  active  member,  as  his  father  had  been, 
of  the  Society  for  the  Belief  of  Widows  and  Orphans  of  Medical 
Men,  and  was  for  many  years  its  President,  as  he  was  also  of  the 
British  Medical  Benevolent  Fund. 

This  brief  and  swift  recital  of  the  appointments  which  Sir  George 
Burrows  filled  may  tell  the  general  character  of  his  professional 
life,  and  may  be  sufficient  evidence  of  the  esteem  with  which  he  was 
always  regarded,  and  of  the  assurance  that  was  felt  that,  whatever 
duties  were  assigned  to  him,  he  would  do  them  well.  All  the  high 
offices,  all  the  honours  conferred  on  him,  seemed  to  come  quite  natu- 
rally and  of  course ;  ho  never  asked  for  one,  or  did  anything  on  parpose 
to  obtain  one ;  bis  having  them  excited  neither  jealousy  nor  surprise  ; 
and  herein  may  be  at  once  the  explanation  and  the  chief  lesson  of 
his  life.  He  had  excellent  mental  power.  He  showed  it  in  his 
University  career,  and  always  afterwards ;  but  that  which  was  yet 
more  admirable  and  characteristic  was  his  steadfast,  resolute  use  of 
his  power  straight  to  the  work  he  had  to  do.  More  enthusiasm  or 
more  enterprise  might  have  made  him  a  more  impressive  or  more 
popular  teacher,  might  have  made  him  more  keen  in  research,  more 
successful  in  acquiring  new  knowledge;  but  they  might  not  have 
added  to  the  general  utility  or  the  good  influence  of  the  long  life 
which  he  spent  in  learning  and  teaching  what  seemed  directly  useful, 
in  treating  disease  in  the  methods  generally  regarded  aa  the  bee.t^«s\ii 
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in  discnssing  all  manner  of  questions  relating  to  his  profession  in 
senates,  councils,  and  committees. 

Sir  George  Burrows  was  not  a  frequent  writer  on  medical 
subjects.  The  only  book  he  wrote  was  '  On  the  Disorders  of  the 
Cerebral  Circulation,*  Svo.,  1846.  The  substance  of  it  had  been  given 
in  the  Lumleian  Lectures  at  the  College  of  Physicians  in  1843  and 
1844,  and  its  chief  value  was  in  the  evidence  which  it  gave  of  the 
error  of  the  belief,  then  generally  held,  that  the  cranium  being  a 
complete  case  of  bone,  completely  filled  by  the  brain  and  its 
membranes,  and  excluding  from  them  all  atmospheric  pressure,  the 
quantity  of  blood  circulating  in  the  brain  cannot  be  materially 
increased  or  diminished  by  posture,  bleeding,  changes  in  the  heart  or 
breathing,  or  by  any  such  means.  The  belief  thus  held  was  not  only 
general,  but  was  influential  in  the  treatment  of  disease,  leading  some 
to  hold  that,  so  long  as  the  skull  was  entire,  no  abstraction  of  blood, 
by  any  manner  of  bleeding,  could  have  any  effect  on  the  blood-vessels 
of  the  brain,  so  as  to  lessen  the  absolute  quantity  of  blood  contained 
within  them. 

In  opposition  to  this,  Sir  George  Burrows  showed,  in  careful  expe- 
riments, testing  those  of  Dr.  Kellie  on  which  chiefly  the  belief  had 
rested,  that  the  quantity  of  blood  in  the  brain  is  materially  altered 
by  bleeding  largely,  and  by  posture  and  by  suffocation;  and  that, 
admitting  that  the  contents  of  the  cranium  must  be  always  nearly 
the  same,  the  variations  in  the  blood  may  be  balanced  by  those  of  the 
eerebro- spinal  fluid. 

As  one  reads  this  book  one  cannot  but  regret  that  he  did  not  give 
himself  more  frequently  to  original  research,  for  it  is  clear,  critical, 
and  definite,  and  it  greatly  helped  to  the  correction  of  serious 
errors.  But  he  was  not  fond  of  research ;  he  preferred  the  daily 
business  of  practical  life,  and  in  it  the  use  of  the  best  knowledge 
he  could  gain  from  others'  and  his  own  attentive  observation. 
The  only  other  essays  that  he  published  were  two  papers  in  the 
*  Medico- Chirurgical  Transactions,'  one  "  A  Case  of  Extensive  Carci- 
noma in  the  Lungs,"  in  vol.  27,  the  other  on  "  Tubercular  Pericar- 
ditis," in  vol.  30,  and  the  articles  on  measles,  scarlet  fever,  and 
haemorrhage  in  Tweedie's  *  Library  of  Medicine.'  Besides  these  he 
published  some  clinical  lectures  in  the  *  Medical  Gtkzette ; '  and  his 
first  lecture  on  Forensic  Medicine,  which  was  also  separately  printed, 
is  in  the  *  London  Medical  and  Surgical  Journal  *  for  February  4th, 
1832. 

From  all  this  I  think  it  may  justly  be  said  that  that  which  most 

marked  Sir  George  Burrows's  mental  character,  and  contributed  most 

to  his  professional  success  and  to  his  influence  and  utility,  was  that, 

having  a  strong  wiW  and  «l  strong,  clear  inteUect,  he  applied  them 

steadfastly  to  the  plam  daily  dui\a%  oilnaaX-Aft* 
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AsTLET  CooPEB  Ket  was  the  second  son  of  Mr.  Charles  Aston  Key, 
,Surgeon-in-Ordinary  to  H.R.H.  the  late  Prince  Consort,  and  wa9 
Jbom  in  the  year  1821 ;  he  was  educated  at  the  Royal  Naval  College 
at  Portsmouth,  and  from  his  boyhood  he  manifested  a  scientific  bent 
.of  mind,  which  he  cultivated  and  followed  up  in  after  life,  so  far  as 
.the  duties  pf  a  most  active  and  unremitting  professional  career 
afforded  him  the  leisure  to  do  so. 

-  At  the  Naval  College  he  gained  the  prize  which  carried  with  it  a 
Lieutenant*s  commission,  and  he  was  consequently  promoted  to  that 
^■ank  as  soon  as  he  became  eligible  in  point  of  age. 

In  1843  he  was  appointed  to  the  '*  Gorgon,"  Captain,  afterwards 
Sir-CharleSj  Hotham,  and  served  in  her   on  the  South-east  Coast 
of  America;    he   was  the  junior   Lieutenant   of  this   ship   in    1844 
jvhen,  during  a  severe  pampero^  she  was  driven  from  her  anchors  at 
Monte  Video,  and  cast  upon  the  beach ;  when  the  waters  had  sub- 
sided, which  during  this  storm  had  risen  20  feet  above  the  usual  sea- 
level,  the  "  Gorgon  '*  was  left  literally  on  the  dry  land,  from  which 
*veiy  few,  save  her  gifted  Captain — who  never  doubted  but  that  she 
^nst  float  again — believed  that  she  would  ever  be  moved ;  Mr.  Key 
,wa8  among  those  few,  and  by  his  zeal  and  untiring  exertions  added  in 
no  small  degree  to.  the  successful  result.     After  many  months  of  per- 
jHevering  efForts,  under  great  difficulties  and  undiscouraged  by  frequent 
failure,  the  "  Gorgon,"  by  the  united  exertions  of  the  English  squadron 
in  these  waters,  was  again,  uninjured,  upon  her  proper  element. 
.   .The  writer  of  this  notice  was  present,  and  well  remembers  the  jokes 
and  jeers  of  the  foreign  ships  of  war  at  her  expense ;  the  French 
'Admiral  remarking  ^*  that  no  one  but  a  pig-headed  Englishman  would 
have  persevered  in  such  a  hopeless  task.'*    He  was  the  first,  however^ 
in  his  flag-ship  to  give  the  "  Gorgon  '*  three  hearty  cheers  as  she 
«steamed  round  the  squadron  after  her  remarkable  release. 

Mr.  Key  wrote  a  narrative  of  the  means  employed  in  this  most 
ftucoessful  operation  entitled,  **  The  Recovery  of  the  '  Gorgon,*  **  which 
added  much  to  his  professional  reputation.     In  the  following  year 
.■('1846)  the  "  Gorgon  **  took  paH   in   the   combined   attack   by   the 
English  and  French  squadrons  on  the  forts  and  forces  of  General 
Rosas,  President  of  Buenos  Ayros,  at  Obligado,  in  the  Parana. 
•     Captain  Hotham,  who  commanded    the   English  squadron,   gave 
.Mr.  Key  the  command  of  an  armed  brig  (the  "Fanny'*)  on  tliis  ex- 
pedition, and  in  her  he  was  present  at  the  capture  of  the  forts  and 
r  during  the  subsequent  operations  which  were  undertaken  with  the 
view  of  opening  the  upper  waters  of  the  River  Plate,  and  establishing 
commercial  intercourse  with  Paraguay.     These  operations  were  con- 
tinued until  the  close  of  the  year  1846;  and  for  his  share  in  them 
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Mr.  Key  was  promoted  to  tbe  rank  of  Commander  on  the  day  of  tbe 
action  at  Qbligado — vm5.,  the  18th  of  November,  1845. 

Commander  Key*8  next  service  was  in  command  of  the  **  Bnll  Dog,** 
from  1847  to  1850,  with  the  Mediterranean  Fleet,  under  the  late 
Admiral  Sir  William  Parker,  Bart.  Daring  the  Sicilian  Revolution 
of  1848  he  was  despatched  for  the  protection  of  British  subjects  at 
Palermo,  where  by  his  energy  and  tact  the  Neapolitan  troops  were 
prevented  from  attacking  the  English  quarter  of  the  city ;  be  was 
afterwards  sent  on  a  delicate  mission  to  Civita  Vecchia,  and  placed 
his  ship  at  the  disposal  of  the  Pope  should  it  have  become  necessurj 
for  him  to  embark  from  his  dominions — Rome  being  in  a  very  dis* 
tuibad  state.  His  Holiness,  however,  from  various  causes  decided  to 
escape  by  land  to  Gaeta,  which  he  did  in  disguise. 

Commander  Key's  services  were  so  highly  appreciated  by  the  Com- 
mander-in-Chief on  these  occasions  that  he  was  especially  reoom* 
mended,  and  was  promoted  to  the  rank  of  Captain  in  1850. 

Captain  Key  next  served  in  command  of  the  "  Amphion  **  during 
the  Baltic  Campaign  of  1854,  when  he  took  part  in  the  capture  of 
the  forts  of  Bomarsund,  and  other  operations. 

In  1855  he  was  appointed  to  the  command  of  the  "  Sans  Pareil** 
screw  line-of-battle-ship,  and  was  one  of  the  Captains  selected  to 
command  a  flotilla  of  gun-  and  mortar-boats  then  preparing  for  the 
attack  on  Cronstadt,  in  the  summer  of  that  year ;  in  the  meantime, 
however,  peace  was  concluded  with  Russia,  when  for  his  services 
during  the  war  he  was  nominated  a  C.B. 

On  the  breaking  out  of  the  Indian  Mutiny,  in  1857,  be  was  sent  in 
the  "  Sans  Pareil  "  with  a  squadron  of  gunboats  to  Calcutta,  and  for 
his  services  there  received  the  thanks  of  the  Indian  Government. 

In  1858  he  was  ordered  to  China,  and  commanded  a  battalion  of 
seamen  at  the  capture  of  Canton.  On  the  signing  of  the  Treaty  of 
Peiice  at  Tientsin  in  June,  1858,  Captain  Key  returned  to  England 
and  served  as  the  naval  member  on  the  Royal  Commission  which  was 
appointed  to  consider  the  condition  of  our  coast  defences. 

In  1860  he  was  appointed  to  the  command  of  the  Steam  Reserve  at 
Devonport,  and  after  three  years'  service  in  that  capacity  he  was 
transferred  to  the  command  of  the  **  Excellent,"  the  gunnery  ship  at 
Portsmouth,  and  was  also  Superintendent  of  the  Royal  Naval  College 
at  that  port,  where  he  served  until  1865. 

About  this  time,  the  great  change  in  the  size  and  power  of  naval 
guns,  brought  about  by  the  introduction  of  armour-plated  ships, 
necessitated  the  creation  of  a  new  department  at  the  Admiralty,  and 
Captain  Key  was  appointed  Director- General  of  this  new  Naval 
Ordnance  Department,  which  he  held  as  Captain  and  Rear- Admiral 
untiJ  1869.  having  been  promoted  to  flag  rank  in  1866. 
In  tho  latter  part  ot  18^  \Leyi«k&  ^.^^o\vA.^^  kAmA^  Superintendent 


of  Portsmoutb  Dockyard,  bat  was  shortly  transferred  to  a  similar 
position  at  Malta,  when  he  became  second  in  command  of  the  Medi. 
larranean  fleet. 

Soon  after  vacating  this  position,  he  was  at  the  end  of  1872  ap* 
pointed  President  of  the  newly-established  Naval  College  at  Oreen- 
wich  for  the  higher  edncation  and  stady  of  naval  officers  of  all  ranks. 
In  1873  he  was  promoted  to  the  rank  of  Vice- Admiral,  and  in  January, 
1876,  was  appointed  Commander-in-Chief  on  the  North  American  and 
West  Indian  Stations.  In  1878  he  became  Admiral,  and  received  the 
appointment  of  First  and  Principal  Naval  Aide-de-Camp  t<>  the 
Qneen. 

In  the  year  1879  he  went  to  the  Admiralty  as  Principal  Naval  Lord, 
.where  he  served  under  two  administrations  until  1885.  During  Lord 
Northbrook's  absence  on  his  mission  to  Egypt  iu  1884,  Sir  Cooper 
Key  was  sworn  of  the  Privy  Council,  and  conducted  the  administra- 
tion of  the  Admiralty. 

In  1866  he  came  under  the  Age  Retirement  Scheme,  and  was  placed 
on  the  Retired  List  of  Admirals.  He  had  been  nominated  a  K.C.B. 
in  1873,  and  was  raised  to  the  dignity  of  a  O.C.6.  in  1882.  The 
University  of  Oxford  had,  in  1880,  conferred  upon  him  the  honorary 
degree  of  D.C.L. 

There  have  been  few  naval  officers  who  have  enjoyed  so  long  and 
nninterrupted  a  career,  or  who  have  held  positions  of  so  important 
and  responsible  a  character  as  Sir  Cooper  Key.  He  was  always  a  most 
successful  and  popular  officer,  and  during  his  whole  course  of  service 
had  displayed  qualities  and  abilities  of  a  high  order,  whether  as  a 
commander  or  an  administrator;  he  was  an  earnest  and  generous 
supporter  of  many  benevolent  institutions,  especially  of  those  con- 
nected with  the  moral  and  religious  training  of  seamen. 

He  died  at  his  residence,  Laggan  House,  Maidenhead,  on  the  3rd  of 

March,  1888. 

G.  H.  R. 

Vicb-Admiral  Thomas  A.  B.  Spratt,  C.B.,  the  eldest  son  of  the  late 
Commander  James  Spratt,  who  served  with  much  distinction  on 
board  H.M.S.  *'  Defiance "  at  the  battle  of  Trafalgar,  was  born  in 
1811,  and  entered  the  navy  in  1827.  As  midshipman  he  joined  the 
surveying  branch  of  the  naval  service  on  board  H.M.S.  "Mastiff**  in 
the  Mediterranean,  on  which  station  he  served  all  but  continuously 
until  1863. 

In  1847  he  was  appointed  as  a  lieutenant  to  the  command  of  the 
surveying  vessel  "  Volage,*'  and  in  the  following  year  succeeded  as 
commander  to  the  command  of  the  "  Spitfire,"  the  principal  surveying 
ship  of  the  station. 

Employed  mainly  in  the  Archipe'ago,  Commander  Spratt  worked 
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steadily  at  charting  those  intricate  seas,  whilst  his  archsdological  and- 
f^eological   knowledge  enabled    him   to    make   and    publish    many 
bcientific  observations  on  the  places  visited.     In  1847  he  published 
with  Professor  E.  Forbes  a  work  on  '  Travels  in  Ljoia.* 
-   Daring  the  Crimean  war  the  '*  Spitfire  "  was  attached  to  the  fleet 
in  the  Black  Sea,  and  Commander  Spratt's  services  were  in  constant 
requisition.     Besides    surveys  of    all   the    places  required    for  the 
anchorage  or  operations  of  the  fleet,  some  of  them  made  under  the 
enemy's  fire,  he  planned  the  attacks  on  Kerteh  and  Kinbnm,  and 
led  the  combined  fleet  to  their  position  before  the  latter  place.     He 
repeatedly   received   the   acknowledgements  of    the   Commander-in^' 
Chief,  Admiral  Sir  E.  Lyons,  for  his  exertions  on  these  and  similar 
occasions,  and  was  finally  promoted  for  his  services  in  January,  1855. 
Ue  received  the  distinction  of  C.B.  and  of  officer  of  the  Legion  of 
Honour  at  the  close  of  the  war. .  . 

On  peace  being  proclaimed,  Captain  Spratt-  resumed  his  hydros 
graphical  surveys  in  the  Archipelago,  and  continued  them  until  the 
close  of  1863. 

Amongst  papers  and  works  published  by  Captain  Spratt  may  be 
mentioned — 

*  A  Report  on  the  Geology  of  Malta  and  Gozo,*  1854. 

*  On  the  Movements  of  Teignmouth  Biar/  1856. 

*  Deep  Soundings  in  the  Mediterranean,'  1856-7. 

*  On  the  Compai-ative  Conditions  on  the  Different  Mouths  Branches 
of  the  Danube,'  1858. 

*  Investigation  of  the  Effect  of  the  Prevailing  Wave  Influence  on 
the  Nile  Deposits,'  1859. 

'On  the  Evidences  of  Rapid  Silting  in  progress  at  Port  Said,* 
1870. 

*  Travels  and  Researches  in  Crete,'  in  two  volumes,  1865. 

This  last  work  eminently  illusti-ates  his  powers  and  versatility  in 
different  branches  of  scientific  observation,  and  contains  much 
valuable  information  on  geological,  archaeological,  and  other  sub- 
jects. 

Captain  Spratt  became  a  Rear- Admiral  on  the  retired  list  in  1872, 
and  a  Vice-Admii*al  in  1878.  Ho  was  a  Fellow  of  the  Geological, 
Zoological,  and  Geographical  Societies,  and  of  the  Society  of  Anti- 
quaries, and  was  elected  a  Fellow  of  the  Royal  Society  in  1856. 

He  was  a  Commissioner  of  Fisheries  from  1866  to  1873,  and  held 
the  appointment  of  Acting  Conservator  of  the  Meraey  from  1879  to 
his  death,  which  occurred  on  the  18th  March,  1888. 

W.  J.W. 
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